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X1V

Risk-Based Concentration

Resource Conservation Recovery Act
RCRA Facility Assessment
Reference Concentrations

Reference Dose

Reference Doses for Oral Exposure
RCRA Facility Investigation
Remedial Goal Options

Reasonable Maximum Exposure

Soil Adherence Rate

Standard Deviation

Sloss Industries Corporation

Sample Quantitation Limit

Skin Surface Area

Sloss Sheffield Steel and [ron Company
Semivolatile Organic Compounds
Solid Waste Management Unit
Toxicity Characteristic

Toxicity Characteristic Leaching Procedure
Toxicity Equivalency Factor

Toluene Sulfonic Acid

Upper Confidence Level

Micrograms per Day

Micrograms per Deciliter
Micrograms per Gram

Micrograms per Kilogram
Micrograms per Liter

Unit Risk Factor

Unified Soil Classification System
United States Environmental Protection Agency
Volatile Organic Compound

Visual Site Inspection

World Health Organization

Zinc
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sludge material and assess the potential for these constituents to leach from the
sludge. Soil sampling was conducted to confirm the presence or absence of soil

contaminationaround the waste pile.

Area 3 - Landfill (SWMU 38) and Blast Furnace Emission Control Sludge Waste
Pile (SWMU 39): The RFI investigation for SWMUSs 38 and 39 consisted of the

following tasks:

1. Seismic. conductivity, and resistivity geophysical surveys: The
seismic survey was conducted to provide data on the depth to bedrock
and the conductivity and resistivity surveys were conducted to identify
areas with highly conductive materials in the soil and groundwater.

2. Sludge sampling: Sludge sampling was performed at SWMU 39 to
evaluate the potential contaminants present in the sludge material and
assess the potential for these constituents to leach from the sludge.

3. Installation of soil borings and soil sampling: Subsurface soil
sampling was conducted to confirm the presence or absence of soil
contamination at the monitor well locations.

4. Installation of 14 monitor wells: The monitor wells were installed to
collect lithologic data, water level data, evaluate the hydraulic
conductivity of the aquifer, and assess groundwater quality.

5. Hyvdraulic conductivity testing of the aquifer: Aquifer tests were
conducted on each monitor well in order to determine hydraulic
conductivities and groundwater flow velocities. ’

6. Groundwater sampling: Groundwater sampling was conducted to
confirm the presence or absence of groundwater contamination at
SWMUs 38 and 39.

Risk Assessment: Using data generated from the RFI, a health and environmental

assessment was prepared to evaluate the risks associated with the Land Disposal

Areas SWMUs.
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1.0 INTRODUCTION

Sloss Industry Corporation (Sloss) located in Jefferson County, Alabama, is
evaluating past waste management practices in accordance with the regulations set forth
by the Hazardous and Solid Waste Amendments (HSWA) of the Resource Conservation
Recovery Act (RCRA) (Figure 1-1). In August 1990, ARCADIS Geraghty & Miller,
Inc. was contracted by Sloss to prepare and implement a RCRA Facility Investigation
(RFI) Work Plan for 39 solid waste management units (SWMUSs) identified at the Sloss
Facility during the RCRA Facility Assessment (RFA) (Figure 1-2). A RFI Work Plan
was prepared and approved by the United States Environmental Protection Agency
(USEPA) in May 1995. The Work Plan describes the investigations that will be
conducted to characterize the nature, extent, and rate of contaminant migration from the

SWMUs identified at the Facility.

In the RFI Work Plan, the SWMUSs were separated into four separate areas: Coke
Manufacturing Plant, Land Dispésal Areas, Biological Treatment Faciity (BTF) and
Sewers, and Chemical Manufacturing Plant (Table 1-1 and Figure 1-2). These areas were
created to group similar industrial activities together and allow for a systematic
implementation of the investigation activities at each area. Initially, a Facility-Wide
investigation (FWI) was completed in June through August 1995 to develop a conceptual
hydrogeologic and hydrologic model of the Sloss Facility. The conceptual model details
information on groundwater and surface water flow for use in assessiné possible
contaminant transport for future SWMU investigations. The RFI Facility-Wide Report
was submitted to the USEPA in February 1996.

After completion of the RFI Facility-Wide Report, Sloss began focusing on the
areas within the Facility as specified in the RFI Work Plan. Each of the four areas (Coke
Manufacturing Plant, Land Disposal Areas, BTF and Sewers, and Chemical
Manufacturing Plant) are being sequentially investigated and evaluated.  The Coke

Manufacturing Plant investigation was conducted in June 1996 and the RFI report for this
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area was submitted to the USEPA in February 1997. The Land Disposal Areas
investigation was conducted from June to August 1997. RFIs for the remaining SWMU
areas will be implemented in 1998 (BTF and Sewers), and 1999 (Chemical
Manufacturing Plant). This RFI Land Disposal Areas Report summarizes the results of

the Land Disposal Areas investigation.
1.1 SITE BACKGROUND

The Sloss Facility began operation in 1919 as Sloss Sheffield Steel and Iron
Company (SSSIC) producing foundry and furnace coke and coke by-products. The Coke
Manufacturing Plant consisted of five coke batteries which contained 240 coke ovens.
Coke batteries 1 and 2, consisting of 120 coke ovens, were taken out of service in 1979.
The coke product, produced through a process of carbonization, is sold primarily to the steel
industry as furnace coke. The Coke Manufacturing Plant is currently operating and is

located at the southwest part of the Sloss Facility (Figure 1-2).

In 1939, SSSIC merged with United States Pipe and Foundry Company and in 1948
the Facility constructed a Chemical Manufacturing Plant which produced Toluene Sulfonic
Acid (TSA) 94, Sloss later expanded operations by manufacturing sulfones through a
sulfonization process of sulfuric acid and benzenesulfonyl chloride (BSC). The Chemical
Manufacturing Plant is located at the southeast part of the Sloss Facility and is currently

operating (Figure 1-2).
A Mineral Wool Plant was constructed northeast of the Chemical Manufacturing
Plantin 1950 and is currently operating (Figure 1-2). The plant manufactures mineral fibers

which are used for ceiling tiles and insulating products.

In 1958, an iron blast furnace began operation at the Facility and produced pig iron

from iron ore. The blast furnace ceased operationin 1979 and was removed in 1984.
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Jim Walter Corporation (JWC) bought this Facility in 1960 and constructed a BTF
located in the northern part of the Sloss Facility in 1973 (Figure 1-2). The BTF was
designed to treat wastewater generated at the Facility. The wastewater that is generated
enters a BTF Sewer System and is directed to the northeast part of the Facility where the
BTF is currently operating. In 1988, the JWC sold controlling interest to Hillsborough
Holding Corporation (HHC), and Sloss Industries Corporation became a wholly-owned

subsidiary of HHC.
1.2 OBJECTIVES

The objectives of the Land Disposal Areas RFI are to: (1) confirm the presence or
absence of contamination at the site; (2) determine the extent and degree of contamination
at the site; (3) identify and characterize the sources of contamination for the site; (4) assess
the potential for contaminant migration to surrounding environments; (5) identify public
health and environmental risks of any contaminants; and (6) define the scope of future

investigationsand/or actions at the site.

To meet the RFI objectives, each of the identified Land Disposal Areas SWMUs
were evaluated to assess whether releases to the environment have occurred. The presence
or absence of contamination was investigated at each Land Disposal Areas SWMU by
collecting samples of potentially affected media (sludge, subsurface and surficial soil, and
groundwater). Geophysical surveys (seismic, conductivity, and resistivity sur\./eys) were
performed around the perimeters of SWMU 23 and SWMUs 38 and 39 to provide data on
the depth to bedrock and identify areas with highly conductive matertals in the soil or
groundwater. A risk assessment was prepared to identify public health and environmental
risks of any contaminants. Additionally,data collected during the Land Disposal Areas RFI
was also used to revise the conceptual site model which was developed during the FWI and
subsequently modified with data collected during the Coke Manufacturing Plant

investigation.

ARCADIS GERAGHTY&MILLER



1.3 SCOPE

1-4

The land disposal operations at the Sloss Facility consists of three distinct areas

(SWMU 23, SWMU 24, and SWMUs 38 and 39) for purposes of this investigation.

These SWMUs are areas where materials generated from various on-site processes have

been placed on the ground. SWMUs 38 and 39 are two adjacent units and are being

evaluated as one unit hydrogeologically because of their close proximity.

Area | - Biological Sludge Disposal Area (SWMU 23): The RFI investigation for

SWMU 23 consisted of the following tasks:

[¥S]

Seismic_and conductivity geophysical surveys: The seismic survey
was conducted to provide data on the depth to bedrock and the
conductivity survey was conducted to identify areas with highly
conductive materials in the soil and groundwater.

Sludge sampling: Sludge sampling was performed to evaluate the
potential contaminants present in the sludge material and assess the
potential for these constituents to leach from the sludge.

Installation of soil borings and soil sampling: Subsurface soil
sampling was conducted to confirm the presence or absence of soil
contamination at the monitor well locations.

Installation of six monitor wells: The monitor wells were installed to
collect lithologic data, water level data, evaluate the  hydraulic
conductivity of the aquifer, and assess groundwater quality.

Hydraulic conductivity testing of the aquifer: Aquifer tests were
conducted on each monitor well in order to determine hydraulic
conductivities and groundwater flow velocities.

Groundwater sampling. Groundwater sampling was conducted to

confirm the presence or absence of groundwater contamination at
SWMU 23.

Area 2 - Blast Furnace Emission Contro! Sludge Waste Pile (SWMU 24): Sludge

sampling was performed to evaluate the potential contaminants present in the
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2.0 STUDY AREA

2.1 TOPOGRAPHY

Sloss is located in the Birmingham Valley District of the Alabama Valley and Ridge
Physiographic section. The Birmingham Valley trends northeast-southwest and is
characterized as essentially flat, low lying, and is bound to the southeast by Red Mountain

and to the northwest by Sand Mountain (Figure 2-1).

Land surface elevations on the Sloss Facility range between 540 and 560 feet above
mean sea level (ft amsl) except at the northwest portion of the Facility where Sand
Mountain is exposed. Approximately 180 feet of relief is present from Sand Mountain to
the Sloss Facility. Drainage from Sand Mountain trends southeast directing surface water

toward the Sloss Facility (Figure 1-1).
2.2 SURFACE WATER

The Sloss Facility lies in the Black Warrior River Basin. Two tributaries of the
Locust Fork of the Black Warrior River occur in the vicinity of the Sloss Facility, Five
Mile Creek located along the northern boundary of the Facility and Village Creek located
approximately 1.5 miles south of the Facility. In the vicinity of the Sloss Facility, Five

Mile Creek flows to the west and Village Creek flows to the southwest.

Surface water at the Sloss Facility is limited to a drainage ditch located along the
eastern property boundary of the Sloss Facility. This drainage ditch is located north of
SWMU 38 and extends from near monitor well MW-32 located adjacent to the LaFarge
Quarry northward to Five Mile Creek where it discharges (Figure 2-2). Several drainage
ditches which collect storm water runoff are also located adjacent to the Land Disposal
Areas SWMUs. Storm water drainage ditches are located north and south of Summit

Street which is located between SWMUSs 38 and 39 and SWMU 24 and east of SWMU
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24 along the driveway into the BTF. Additionally. a swale is located along the northern
boundary of SWMU 24. SWMU 25, the Storm Water Runoff Sewer, which collects
storm water and non-contact cooling water from the Sioss Facility, is located along the
northwestern boundary of SWMUs 38 and 39 and approximately 50 feet west of SWMU
24. There are no surface-water bodies in the Land Disposal Areas SWMUs; however,
SWMU 22, the Polishing Pond, which is a large surface impoundment, is located north of
SWMU 24,  Water from SWMU 25 drains into the polishing pond before permitted
discharge to Five Mile Creek.

2.3 GEOLOGY

2.3.1 Regional Setting

The Sloss Facility is situated within the Valley and Ridge province at the southern
end of the Appalachian Mountains (Figure 2-1). The Valley and Ridge province in the
Birmingham area is underlain by more than 10,000 feet of sedimentary rock that range in
age from Cambrian to Holocene. A generalized stratigraphic section of rocks in the area is
presented in Figure 2-3. The Valley and Ridge Province is a structurally complex geologic
feature that developed at the end of the Paleozoic Era in response to tectonic stresses during
the deformation of the Appalachian fold mountain belt. Northwest trending faults and folds
and thrust fauits are typical of the Appalachian fold mountain belt. Structurally, the Valley
and Ridge Province includes the Birmingham anticlinorium, Cahaba synclinoriu-m, and the
western edge of the Coosa synclinorium which are generally faulted and folded (Kidd and
Shannon, 1977) (Figures 2-4 and 2-5). After development of the Valley and Ridge

Province, the structures were subsequently modified by erosion.

The Birmingham anticlinorium is a major thrust faulted fold which trends northeast-
southwest (Thomas and Bearce, 1986). The Sloss Facility is located on the Blount

Mountain syncline which is the northwest limb of the Birmingham anticlinorium (Figure 2-

5).
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Several structural features are present on the Birmingham anticlinorium including
the Opossum Valley thrust fault, which occurs in the area of the Sloss Facility, and the
Jones Valley thrust fault (Figures 2-4 and 2-5). The Opossum Valley thrust fault is a
northeast-southwest trending fault located on the northwestern limb of the Birmingham
anticlinorium. It has a displacement of 7,000 feet or more where older carbonate rocks of
the Conasauga Formation, Ketona Dolomite, and Knox Group have been thrusted from the
southeast over younger Paleozoic clastic rocks (Kidd and Richter, 1979). Numerous faults
and fault splays are associated with the Opossum Valley fault, and formations immediately

west of the fault are typically overturned, deformed, and fauited (Kidd and Richter, 1979).

2.3.2 Facility Geologv

The Sloss Facility is underlain by sedimentary rocks that range in age from
Cambrian to Pennsylvanian as presented in Figure 2-6, a geologic map of the site. South of
Summit Street, the Opossum Vallesf fault trace is located at the northwest perimeter of the
Sloss Facility property. North of Summit Street in the BTF area, the Opossum Valley fault
trace bisects the property in the area of the Polishing Pond (Figure 2-6). The hanging wall
of the fault is located in the Sloss Facility plant area and the footwall of the fault is located

on and adjacent to Sand Mountain (Figure 2-6).

Northwest of the Opossum Valley fault trace, on the footwall of the fault; the Sloss
Facility including SWMU 23 is underlain by strata ranging from Silurian to Pennsylvanian
in age (Figure 2-6). A fault slice of folded strata ranging in age from Silurian and older to
Mississippian, which is part of an anticline structure, is present between the hanging wall
and footwall of the Opossum Valley fault (Figure 2-6). The rocks exposed on Sand

Mountain are inclined and dip to the southeast from 28°to 77°.

Southeast of the Opossum Valley fault trace, on the hanging wall of the fault, the
Sloss Facility including SWMU 24 and SWMUs 38 and 39, is underlain by the Conasauga
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Formation of Cambrian Age as presented in Figure 2-6. The rocks in the Conasauga
Formation are inclined and dip to the southeast from 26° to 35°. A northeast-southwest
geologic cross section of the Sloss Facility which bisects SWMU 24 and parallels the
northwestern boundary of SWMUSs 38 and 39 was constructed along the line indicated in

Figure 2-2. The northeast-southwestcross section is presented in Figure 2-7.

The Conasauga Formation, which underlies the Land Disposal Areas, varies from
1,100 to 1,900 feet in thickness. In the area of the Opossum Valley fault, the stratigraphic
thickness of the Conasauga Formation is probably much thinner than 1,100 to 1,900 feet.
The Conasauga Formation consists of relatively few micrite zones, with larger proportions
of very fine grained sparite and argillaceous sparite, and several zones containing somewhat
dolomitic edgewise conglomerates (Brockman, 1978). The micrite tends to be light-gray,
the sparite being darker in color, and the argillaceous rocks being darker than the purer

limestone.

Lithologic data collected dﬁﬁng the FWI indicates that the top two feet of the
Conasauga Formation at most locations 1s composed of highly weathered limestone. Below
the upper weathered surface of the Conasauga Formation, the limestone was generally
massive with very few fractures. The blocks of limestone encountered during the FW1
drilling were typically, medium gray in color and hard with thin (1- to 2-foot) lenses of
softer, darker gray shale and shaley limestone; however, occasionally thin (2- to 12-inch)
fracture zones were encountered. The limestone in these fracture zones was usuaily broken
up and any remaining voids were infilled with calcite crystals. Areas of fractured limestone
were generally within the upper 50 feet of the Conasauga Formation and became more
infrequent with greater depth. Based on lithologic and geophysics data, the Conasauga

Limestone at depth appears to be hard with little secondary porosity.
The underlying rocks of the Sloss Facility have been structurally deformed in

response to thrust faulting, resulting in the development of an extensive network of faults

and joints. The stress associated with the folding and faulting has created major joint
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traces in the Conasauga Formation which trend northeast and northwest at the Sloss
Facility. Two systematic sets of joints were found in quarries adjacent to the site, one set
strikes approximately N45°E and dips approximately 60°NW and are approximately
perpendicular to bedding and the second set strikes N30°W and has subvertical dips.
Many of the joints of both sets are calcite healed, although some were observed to have

reopened.

2.3.3 Bedrock Topography

The bedrock topography of the Sloss Facility generally slopes to the north
towards Five Mile Creek and top of bedrock elevation ranges from 574.2 ft amsl at the
southwestern end of the site to 507 ft amsl near Five Mile Creek. In the Land Disposal
SWMU Area, the bedrock elevations range from 517.8 to 625.7 ft amsl (Figure 2-8).
Bedrock elevations in the area of SWMU 24 and SWMUSs 38 and 39 range from 517.8 to
554.5 ft amsl and bedrock elevations on Sand Mountain (SWMU 23) range from 532.8 to
625.7 ft amsl. Depth to bedrock in the SWMU 24 and SWMUs 38 and 39 area is
generally between 11 and 23 feet below land surface (ft bls) and the depth to bedrock on
Sand Mountain ranges from ( to 38 ft bls. Weathering of the Conasauga Formation has
produced an undulating bedrock surface where several feet of relief has developed over

tens of feet in some areas of the site (Figure 2-8).
2.4 SOILS

2.4.1 Facility-Wide Soils

Residual soil from weathered Conasauga Formation limestone overlies the majority
of the Sloss Facility including the Land Disposal Areas; however, on and adjacent to Sand
Mountain where SMWU 23 is located, residual soils have formed on the red Mountain
Formation, the Ft. Payne Chert, the Tuscurhbia Limestone, the Hartselle Sandstone, the

Floyd Shale, and the Pottsville Formation (sandstone and shale) (Figure 2-6). According to
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the Soil Survey of Jefferson County, Alabama (Spivey, 1982), soils on Sand Mountain
consist of Tupelo silt loam and Allen-Urban land complex. Tupelo silt loam is nearly level
to gently sloping, moderately well drained soil located on uplands of limestone valleys.
The Allen-Urban land complex consists of strongly sloping, well drained Allen fine sandy
loam and areas of Urban land located on mountain foot slopes and uplands of limestone
valleys. Urban soils, where the original soil was altered by cutting and filling, shaping and
grading, excavation, blasting, compacting, or covering with concrete or asphalt, occur on
the remainder of the Facility. Where the original soil has not been disturbed, residual soil

from weathered Conasauga limestone is present.

Lithologic data collected during the FWI indicates that in general, native soils at the
Sloss Facility consist of cohesive, medium stiff to stiff inorganic clays of low to medium
plasticity (CL) and high plasticity (CH) with color ranging from reddish brown to orangish
yellow to very pale orange. General engineering properties based on analytical and visual
observations of site soil properties include: high shrink-swell potential, low permeability,
and low strength capabilities. Lab&ratory analysis of nine shelby tubes collected during the
FWI identified the following ranges for geotechnical parameters which are consistent with
the general engineering properties identified for site soils: coefficient of permeability 1.9 x
10° to 5.4 x 10® centimeters per second (cm/sec); wet and dry porosity 0.59 to 0.84 and
0.39 to 0.55, respectively; wet and dry density 112.8 to 129.2 pounds per cubic feet (Ib/ft*)
and 77.1 to 104.6 I/f’, respectively; and specific gravity 2.70 to 2.81. The low
permeability of native soils will act as a barrier to mitigate the downward migrat.ion of any

constituents of concem

Soil thickness at the Sloss Facility ranges between 0 and 38 feet thick. The soil at
SWMUs 38 and 39 ranges between 11 and 23 feet thick. On Sand Mountain, surrounding
SWMU 23 soil thickness ranges from 0 to 38 feet thick. The soil is thickest on Sand
Mountain in the area of monitor well MW-23 (38 ft), and thinnest, along the railroad tracks
near piezometer P-2() and on Sand Mountain near monitor well MW-22. As indicated

above, some areas of the Sloss Facility have been altered as a result of construction of the
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facility. Soils in the vicinity of SWMU 24 and SWMUs 38 and 39 have been replaced by

non-native materials (eg. sludge, fill) in many locations.

2.4.2 Background Soil

Two areas located on Sand Mountain were selected as background soil boring
locations in areas which appeared, according to historical aerial photographs, to be
minimally disturbed by industrial activity. One area (SB-1, SB-2 and SB-3) was located
south of Summit Street adjacent to power transmission lines where the grass is
periodically maintained and the second area (SB-4, SB-5, SB-6) was located adjacent to
the dirt road which trucks used to transport sludge to the Biological Sludge Disposal Area
(SWMU 23) (Figure 2-8).

Background soil samples SB-1, SB-2, and SB-3 collected south of Summit Street
consisted of a stiff, reddish-brown to yellowish-orange, clay (CH-CL) with minor black to
yellowish orange mottling. Backg‘round soil samples SB-4, SB-5, and SB-6, collected
upgradient of SWMU 23, consisted of a soft to stiff, yellowish-orange, clay to sandy clay
{CL) with minor red mottling and chert fragments. A light brown, silty sand was

encountered in the upper four feet of SB-4.

Background soil samples were analyzed for volatile organic compounds (VOCs),
semivolatile organic compounds (SVOCs), Priority Pollutant (PP) metals, bar.ium, and
cyanide to evaluate background soil quality at the Sloss Facility. Analytical results are
presented in Table 2-1. Trace concentrations of VOCs including methylene chloride,
tetrachloroethene, toluene, 1,1,2-trichloroethene, and trichloroethene were detected in
background soil borings at concentrations well below the USEPA Region 11l Industrial
Risk-Based Concentrations (RBCs) for soil ingestion (USEPA, 1997a). These low
concentrations of VOCs may be a result of vehicular traffic, industrial emissions, and
weed maintenance.  Tetrachloroethene, which degrades to trichloroethene, is used as a

solvent and in soil sterilization, weed killers and insecticides.
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Low concentrations of polycyclic aromatic hydrocarbons (PAHs) were detected in
background soil borings at concentrations below USEPA Industrial RBCs for soil
ingestion (Table 2-1). Additionally, bis(2-ethylhexyl)phthalate and di-n-butylphthalate

were detected at concentrations below the USEPA Industrial RBCs for soil ingestion.

Concentrations of arsenic, beryllium, barium, chromium, copper, lead, nickel,
thallium, zinc and mercury were detected in the background soil samples. Only ‘arsenic
and beryllium were detected at concentrations exceeding USEPA Industrial RBCs for soil
ingestion (Table 2-1). The reported concentrations however are within the observed

common range for trace elements in natural soils (USEPA, 1983).

2.5 HYDROGEOLOGY

2.5.1 Regional Hvdrogeology -

Most of the industrial and domestic water supply in the Birmingham area is
provided by surface water sources. Groundwater resources in the Birmingham Valley are
used to a limited degree for industry, manufacturing and ore extraction, and some municipal
supply. Hydrogeologic units in the area which supply groundwater include the Conasauga
Formation, the Ketona Dolomite, and the Knox Group, although younger Paleozoics are

reported to be capable of producing sufficient quantities of water (Moffet and Moser, 1978).

The Conasauga Formation is a source of large quantities of water for wells and
springs in some areas; however, the availability of water in the formation is not uniform
because zones of increased porosity and permeability are concentrated along solution
channels (Hunter and Moser, 1990). Recorded water production data reports yields up to
300 gallons per minute (gpm) for industrial wells and up to 3,400 gpm for springs in the
Birmingham Valley. The well and spring (Tannehill Spring) with maximum reported

yields are located approximately 3 and 26 miles, respectively, southwest of Sloss. In
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contrast, reported yields of wells completed in the vicinity of Tannehill Spring on the
southwest edge of Jefferson County vary from having significantly more water than is

normally required for one household to nonproducing (Moffet and Moser, 1978).

The porosity and permeability of the Conasauga Formation generally decreases with
depth and most of the groundwater is contained within the upper 300 feet of the formation
(Hunter and Moser, 1990). The water table in areas underlain by the Conasauga Formation

is typically 5 to 30 ft bls.

The Ketona Dolomite may be also be a productive aquifer in areas where bedrock
weathering has created secondary solution features, however, water-level and production
data for this aquifer are lacking. The Copper Ridge member of the Knox Group is a
productive aquifer with reported yields of 145 to 820 gpm in wells and up to 3,900 gpm in
springs. Water levels in the Copper Ridge aquifer range from 20 to 75 ft bls.

There is no data regarding the vertical or horizontal hydraulic relationship between
aquifers. Although the Conasauga Formation, Ketona Formation, and the Copper Ridge
member of the Knob Group have been recognized as good aquifers, data regarding their

aquifer characteristicsin the area are lacking.

2.5.2 Facility Hydrology

The principal lithologic units underlying most of the Sloss Facility, including
Land Disposal Areas SWMU 24 and SWMUSs 38 and 39, are the overburden and the
Conasauga Limestone (Figure 2-6). Based upon data collected during the FWI,
groundwater flow in the Conasauga Formation is controlled by the occurrence and
relationships between fractures, joints, and bedding of the limestone and the shale of the
Conasauga Formation. Piezometer data collected during the Facility-Wide RFI indicate
three potential water bearing zones occur in the Conasauga Formation: (1) the upper

bedrock surface (top two to three feet) which is composed of highly weathered broken,
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limestone; (2) calcite filled fracture zones within the limestone ranging from

approximately 40 to 140 ft bls; and (3) shaly zones below approximately 140 ft bls.

Several other hydrogeologic units underlie a small portion of the Facility on and
adjacent to Sand Mountain in the Land Disposal Areas SWMU 23 area and the BTF area
(Figure 2-6). On Sand Mountain, in the SWMU 23 area, water bearing zones are present
in the Tuscumbia Limestone and in sandstone lenses within the Parkwood Formation

(Figure 2-3).

The highest producing water bearing zones in the Conasauga Formation were
encountered in the upper, weathered bedrock between 40 and 140 ft bls. Below 140 ft
bls, the Conasauga Formation appears to be composed of massive beds of low
permeability limestone with occasional relatively more permeable shaley zones and very
few fractures. Water bearing zones below 140 ft bls for the most part have produced

piezometers with low yields and slow groundwater recovery.

Although three water bearing zones exist in the Conasauga Formation, current
water level data and the absence of a confining unit between zones suggests that the three
zones are hydraulically connected. Additionally, water level data indicates the upper
highly weathered limestone surface appears hydraulically connected to the overlying soil in
many areas. Monthly water level data was collected from initiation of the FWI (August
1995) until December 1996 to assess the hydraulic connection between the sﬁallow and
deep (below 140 ft bls) Conasauga Formation. Based on an evaluation of the monthly
water level data, it was determined that quarterly water level data would be adequate to
assess the hydraulic connection between the shallow and deep Conasauga Formation.

Quarterly water level data was collected beginning in January 1997.
During the Land Disposal Areas investigation, water levels were measured in all

bedrock piezometers and monitor wells on August 17, 1997 (Table 2-2). Water level

elevations in bedrock piezometers and monitor wells screened in permeable bedrock units
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shallower than 140 ft bls ranged from 506.02 ft amsl at P-1D to 603.90 ft ams! at MW-23
(Figure 2-9). Water level elevations in piezometers and monitor wells screened within the
deep Conasauga Formation (depths greater than 140 ft bls), excluding MW-34D, ranged
from 405.68 ft amsl at P-9 to 503.05 ft amsl at P-20 (Table 2-2 and Figure 2-10). The
water level elevation in monitor well MW-34D is similar to water level elevations in the

shallower piezometers and monitor wells.

Deep Conasauga Formation piezometers P-9, P-13D, and P-21 and monitor wells
MW-26 and MW-34D bailed dry during well development and MW-26 and MW-34D also
bailed dry during purging before groundwater sampling. Although monitor well MW-34D
bailed dry during development, the water level in this monitor well recovered shortly after
the well was developed and has a water level similar to piezometers and monitor wells set
in the upper part of the Conasauga Formation. This suggests a hydraulic connection at this
location between the three lithologic units described previously. Water levels in deep
piezometers P-13D, P-20, and P-21, and monitor well MW-26 have recovered from 50 to
100 feet since development in Aﬁgust 1995 and indicate the deep zone is generally in
hydraulic connection with the shallow, more permeable zone of the Conasauga Formation.
Water levels in piezometer P-9, however, have not recovered since development and
indicate some portions of the less permeable Conasauga Formation are not connected with
the more permeable shallow zone and little to no groundwater flow may occur in these

areas.

The shallow potentiometric map for August 1997 indicates that the groundwater
flow direction in the upper Conasauga Formation beneath the Sloss Facility is generally to
the northeast toward Five Mile Creek, a discharge area for the upper Conasauga Formation
(Figure 2-9). Because of the change in topography on Sand Mountain north of Summit
Street, the groundwater flow from Sand Mountain, which is a recharge area, is to the east
toward the Polishing Pond. The deep potentiometric map for August 1997 indicates that the
groundwater flow direction in the deep Conasauga is northeast in the Coke Manufacturing

Plant area and to the south in the Land Disposal Areas (Figure 2-10).
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The hydraulic conductivity in the Conasauga Formation aquifer system is variable,
depending in part on the occurrence of interconnected fractures and weathered limestone
zones. Values for hydraulic conductivity in the Conasauga Formation typically have an
order of magnitude of 10™ cm/sec (geometric mean), though values range from 7 x 107
(MW-29) to 4 x 10® cm/sec (P-4). Values for hydraulic conductivity in the Conasauga
Formation in the area of the Land Disposal Areas SWMUs s range from 7 x 107 (MW-29) to
4 x 10® cm/sec (MW-35) (Table 2-3). '

The rate of groundwater flow in the bedrock aquifer varies locally with
permeability and hydraulic gradient. In the southwestern section of the Facility, a
relatively flat potentiometric surface with a hydraulic gradient of 0.010 feet per foot
(f/ft). In the central and northeastern portions of the Facility where the topography dips
gently to the north, the hydraulic gradient 1s 0.025 ft/ft. Along the northwestern boundary
of the Facility where Sand Mountain rises steeply a hydraulic gradient of 0.10 fv/ft was
calculated. Groundwater flow velocities in the shallow Conasauga Formation, calculated
from slug test results, hydraulic gradients, and aquifer properties generated during the
FWI and Land Disposal Areas Investigation, may range from 0.07 feet per year (ft/yr} to
9,000 ft/yr.

2.6 LAND DISPOSAL AREAS (SWMUS 23, 24, 38, AND 39)

2.6.1 Biological Sludge Disposal Area (SWMU 23)

2.6.1.1 Description of History and Current Conditions

The Biological Sludge Disposal Area (SWMU 23) is located at the northwest part of
the Sloss Facility on Sand Mountain (Figure 1-2). Sludge from the BTF Dewatering
Machine (SWMU 20) and the Chemical Manufacturing Plant Benzenesulfony! Chloride

Wastewater Neutralization System (SWMU 34) was disposed on this two-acre site that is
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bounded by soil dikes. The unit began receiving waste in 1975 and received approximately
12 tons of sludge a day until April 1990 when the neutralization process which generated
the sludge at SWMU 34 was discontinued. The unit continued receiving approximately 10
tons of biological sludge a day from the BTF until 1993 when all disposal in this unit was
discontinued. While in operation, the unit was covered approximately once every 45 days.
Currently the sludge generated at the BTF is transported to Beltona where it is used as a soil

amendment in previously mined areas.

2.6.1.2 Previous Investigations

In February 1986, USEPA reportedly collected sludge samples from the BTF
dewatering machine (filter press) which was the major source of sludge disposed in SWMU

23 (USEPA, 1989a). The analytical results indicated the following constituents and

concentrations:
Constituent ‘ Concentration
Arsenic 130 milligrams per kilogram (mg/kg)
Chromium 120 mg/kg
Cyanide 20 mg/kg
Lead 130 mg/kg
SVOCs 42,000,000 micrograms per kilogram (ug/kg)
VOCs 12,000 ug/kg |

The RFA report recommended that a RFI should be conducted to evaluate the impact of the

unit on groundwater, surface-water, soil, and air quality.
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2.6.2 Blast Furnace Emission Control Sludge Waste Pile (SWMUs 24 and 39)

2.6.2.1 Description of History and Current Conditions

There are two Blast Furnace Emission Control Sludge Waste Piles located at the
Sloss Facility. The piles contain dusky brown granular material that was generated during
the production of pig iron from 1958 to 1979. The sludge that was produced at the Blast
Furnace Plant was transported to a waste pile adjacent to SWMU 39 or the BTF (Figure 1-
2). The material was formerly a listed USEPA Hazardous Waste (Code F016) because of
its cyanide content but was removed from 40 Code of Federal Regulation (CFR) 261 by the
November 12, 1980 Federal Register (Volume 45, No. 220).

The waste pile at SWMU 24 occupies several acres adjacent to the BTF. The
material is currently being removed from SWMU 24 and being sold as product. As a result
of mining the waste pile at SWMU 24, the footprint of this SWMU has increased. The
waste pile at SWMU 39 is a northézist-southwesttrending ridge that is adjacent to SWMU

38. Both SWMU s are partially vegetated and lack liners or runoff/runoncontrols.

2.6.2.2 Previous Investigations

In February 1986, the Environmental Service Division (ESD) of the USEPA
collected sludge samples from SWMU 24 as part of a waste stream im}estigation.
Analytical reports indicated that several metals and cyanide were detected. Chromium, lead,
and zinc had the highest concentrations. During the site investigation, ESD reported that

surface water drains off SWMU 24 and flows into SWMU 22.
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2.6.3 Landfill (SWMU 38)

2.6.3.1 Description of History and Current Conditions

The Landfill is located at the north-central part of the Sloss Facility, adjacent to the
Blast Furnace Waste Pile (SWMU 39). The pile is a northeast-southwest trending ridge,
approximately 60 feet high, which began operation in the 1920s. Debris identified at the
Landfill include concrete rubble, conveyor belts, wood, construction material, empty 55-
gallon drums, flue dust, and coal. The landfill is still used for disposal of uncontaminated
concrete, brick, block, and soil from excavation activities. The landfill was subjected to a

metals recovery operation over the last two years.

2.6.3.2 Previous Investigations

In October 1980, an evaluation of the Landfill was conducted by the Environmental
Division of the Geological Surve)"f of Alabama. The evaluation identified the disposed
material as mineral fiber slag, tar trap residue, decanter tank tar, flue dust, and construction
debris. The evaluation recommended disposal practices should cease and continue at a new

location.
The 1989 RFA reported that the unit was not capped and had no containment

controls. The USEPA recommended that monitor wells be installed and gfoundwater

samples should be collected to determine groundwater quality.
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3.0 DESCRIPTION OF INVESTIGATIVE TASKS

3.1 SURFICIAL SOIL SAMPLING

A total of fifteen (15) surficial soil samples were collected around the perimeter of
SWMU 24 at sample locations 24-SL0002 through 24-SL0016. Surficial soil sample
locations at SWMU 24 are shown on Figure 3-1 and the location names and sample
identification numbers area summarized in Table 3-1. The purpose of the soil sampling
and analysis was to determine if site soil has been impacted by the SWMU 24 sludge.
Although sixteen (16) surficial soil samples were proposed in the RFI Work Plan, the
number of sampling locations was reduced based on site conditions identified during the
field reconnaissance. Soil was not present at or adjacent to the proposed 24-SL0001
location, only sludge was present, therefore this sampling location was eliminated from
the sampling program. Copies of the surficial soil sampling logs are included in
Appendix A.1. A sample designation explanation is provided in Volume III, Analytical
Data, of the RFI Land Disposal Areas Report.

Surficial soil sampling was conducted in accordance with the procedures specified
in the Field Sampling Plan (FSP) and Quality Assurance Project Plan (QAPP). Samples
were collected via a stainless steel hand auger after clearing the ground surface of the
sludge material. The stainless steel hand auger was advanced to one foot below the top of
the soil. To prevent volatilization, samples for volatile organic analysis were
immediately placed in four-ounce jars and put in a cooler containing ice. Samples
collected for all other analysis were mixed in a stainless steel mixing bowl using a
stainless steel spoon. The soil was scraped from the sides and rolled to the middle of the
bowl and initially mixed. The sample was then quartered and each quarter was mixed

individually. The quarters were recombined into the center of the bowl and mixed one

final time. The sample was then spooned into four-ounce glass jars with Teflon' " lined

caps. The sample containers were placed in a cooler containing ice.
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Duplicates, equipment blanks and field blanks were collected according to the
frequency and procedures specified in the site QAPP. Duplicate samples were collected by
transferring soil from the stainless steel bow!l into the duplicate and field sample
containers in equal portions until the containers were full. The duplicate samples
collected at SWMU 24 are presented in Table 3-1. The sampling equipment was

decontaminated in accordance with the site-specific QAPP.

The soil samples were preserved with ice and relinquished either to a courer for
delivery or delivered by G&M sampling personnel to Analytical Services Incorporated
(ASI). Soil samples were analyzed for USEPA Method 8270B (SVOCs) and USEPA
Method 8260A (VOCs), the thirteen PP metals, barium, and cyanide. Analytical reports
for the soil samples are presented in Volume III, Analytical Data, of the RFI Land
Disposal Areas Report. After completion of the sampling and analysis program, the field
and analytical data were reviewed and validated according to procedures outlined in the
site QAPP. The checklists compléted during the data validation are included in Volume

111, Analytical Data, of the RFI Land Disposal Areas Report.
3.2 SLUDGE SAMPLING

Sludge samples from SWMUs 23, 24, and 39 were collected from June 16 to 19,
1997.  The sludge sample location names and sample identification nuﬁbers are
summarized on Table 3-2. Sludge samples were collected at four (4) locations at SWMU
23 (23-SMO0001 through 23-SM0004) and at SWMU 24 (24-SM000! through 24-
SM0004). The sludge sample locations for SWMUs 23 and 24 are shown on Figures 3-2
and 3-1, respectively. Sludge samples were collected at six (6) locations (39-SM0001
through 39-SM0006) at SWMU 39. However, as specified in the work plan, only four of
the sludge samples collected from SWMU 39 were analyzed by ASI. The locations of the
four sludge samples (39-SM0002, 39-SM0003, 39-SM0003, and 39-SM0006) analyzed

by ASI are shown on Figure 3-3. Copies of the sludge sampling logs are included in
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Appendix A.2. A sample designation explanation is provided in Volume III, Analytical

Data, of the RFI Land Disposal Areas Report.

Sludge sampling was conducted in accordance with the procedures specified in
the FSP and QAPP. Samples were collected by scooping sludge from select areas of the
waste piles using a stainless steel spoon after removing weathered material at surface. To
prevent volatilization, samples for volatile organic analysis were immediately placed in
four-ounce jars and put in a cooler containing ice. Samples collected for all other
analysis were mixed in a stainless steel mixing bowl using a stainless steel spoon.

Sample mixing followed procedures discussed in Section 3.1. The sample was then

. . . . . ™ .
spooned into four-ounce and one-liter, wide-mouth glass jars with Teflon  lined caps.

The sample containers were placed in a cooler containing ice.

Duplicates, equipment blanks and field blanks were collected according to the
frequency and procedures specified in the site QAPP. Duplicate samples were collected by
transferring sludge from the staiﬁless steel bowl into the duplicate and field sample
containers in equal portions until the containers were full. The duplicate samples
collected are presented in Table 3-2. The sampling equipment was decontaminated 1n

accordance with the site-specific QAPP.

The sludge samples were preserved with ice and relinquished either to a courier
for delivery or delivered by G&M sampling personnel to ASI. Sludge samples were
analyzed for USEPA Method 8270B (SVOCs) and USEPA Method 8260A (VOCs), the
thirteen PP metals, barium, cyanide, and Toxicity Characteristic Leaching Procedure
(TCLP) constituents. Analytical reports for the sludge samples are presented in Volume
I1I, Analytical Data, of the RFI Land Disposal Areas Report. After completion of the
sampling and analysis program, the field and analytical data were reviewed and validated
according to procedures outlined in the site QAPP. The checklists completed during the
data validation are included in Volume III,- Analytical Data, of the RFI Land Disposal
Areas Report.
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3.3 GEOPHYSICAL INVESTIGATION

The RFI Work Plan proposed collection of seismic and terrain conductivity surveys
data around the SWMU 23 and SWMUs 38 and 39; however, changes to the geophysical
survey were proposed in a letter to the USEPA dated May 12, 1997. Proposed changes
included elimination of the seismic survey during the Land Disposal Areas investigation
because seismic survey and geologic mapping data generated during the FWI pfovided
adequate bedrock topography data. Seismic data collected during the FWI pertinent to
SWMU 23 and SWMUSs 38 and 39 are presented in this report.

The letter also proposed that grounded resistivity measurements be taken on the
western side of SWMUSs 38 and 39 to minimize the effect of the railroad tracks and cars on
the results. During the field investigation, additional changes based on field conditions
included coliection of EM-31 data around SWMU 23 and SWMUs 38 and 39 to provide
geophysical data to 18 ft bls and crollection of ground resistivity data around SWMUSs 38
and 39 to minimize the effect of buried and overhead powerlines and overhead and buried
pipelines. Proper electrode spacing for ground resistivity readings were determined in the

field by the Senior Field Geophysicistusing two Schlumberger soundings.

3.3.1 Perimeter Conductivity and Resistivity Surveys

Perimeter conductivity and/or resistivity surveys around SWMU 23 and SWMUs 38
and 39 were conducted from July 7 to July 14, 1997 at the Sloss Facility to locate
anomalous areas of relatively high conductivitiesin soil and groundwater. Geophysical and
geologic data were used to determine if anomalous conductive regions were derived from
landfill materials (i.e. leachate). EM-31 and EM-34 readings were collected around SWMU
23 at 5 and 25 foot spacings, respectively, and the geophysical investigation line is shown

on Figure 3-2. EM-31 and ground resistivity readings were collected around SWMUs 38
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and 39 at 5 and 25 foot spacings, respectively, and the geophysical investigation line is

shown on Figure 3-3.

Labeled pin flags were placed along the geophysical investigation lines. These
lines were later surveyed and the coordinates used to present the conductivity and
resistivity data. The conductivity and resistivity data interpretation process are discussed

in Appendix B.

3.3.2 Seismic Survey

A perimeter seismic survey was conducted around the Sloss Facility from June 5 to
June 20, 1995 during the FWI to provide a preliminary identification of the bedrock surface
and to develop a conceptual hydrogeologic model. A total of 47 seismic spreads were
placed around the perimeter of the Sloss Facility at the locations presented in Figure 3-4.
Seismic data was collected along the eastern boundary of SWMU 23 (seismic lines S40 and
S41) and along the eastern and we:stem boundary of SWMUSs 38 and 39 (seismic lines S5,
S6, S26 though S29, §34, and S35).

A Strata View™ 48 channel seismic recorder manufactured by Geometrics of
California was used for the survey. Vertical component geophones with a natural frequency
of 40 hertz (Hz) were used to sense seismic vibrations. The spacing between the
geophones was 5 feet, giving a spread length of 235 feet. This spread length did not
allow for continuous site coverage of the Sloss Facility perimeter which was proposed in
the RFI Work Plan; however, it was the Senior Field Geophysicist’s assessment that the
new density of data would provide a good statistical evaluation of the bedrock

topography of the site.
Al5 pouﬁd sledge hammer was used as an energy source by hitting a metal base

plate placed on the ground surface. By stacking the results from several hammer blows

on the base plate at each shot location, this setup produced good quality seismic data.
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Shots were placed at the ends of the seismic spread along with three shots placed
approximately equally spaced within the spread. On some of the spreads, shots were also
placed 50 feet beyond the ends of the spread. However, in all cases, depths and velocities

are interpreted only from within the spread length.

At each of the shot locations a labeled pin flag was placed. These shot points
were later surveyed and the coordinates used to present the seismic data. Further details
on the seismic survey and data interpretation process are discussed in Section 2.7 and

Appendix E of the RFI Facility-Wide Report.
3.4 SUBSURFACE SOIL SAMPLING

Subsurface soil samples were collected at Land Disposal Areas SWMU 23 and
SWMUs 38 and 39 at the locations of the monitor wells. Soil samples were collected
during instaliation of new monitor wells MW-21, MW-29, MW-33, MW-35, MW-37 in
August 1997, Chemical analysis was not performed on soils from monitor well MW-31

because soil was not present above the bedrock surface.

As proposed in a letter to USEPA dated May 12, 1997, several piezometers installed
during the FWI, which coincided with proposed monitor well locations for SWMU 23 and
SWMUs 38 and 39, were converted to monitor wells (Table 2-2). The FWI piezometers
were constructed in accordance with the monitor well specifications presented in the RF1
Work Plan. At monitor wells MW-22 through MW-28, MW-30, MW-32, MW-34, and
MW-36 soil borings were drilled adjacent to the existing monitor wells to collect subsurface
soil samples (Table 3-3). Lithologic data collected during installation of these monitor
wells in 1995 was used to select the subsurface sample intervals for laboratory analysis.
Chemical analysis was not performed on soils from the soil boring adjacent to MW-32

because soil was not present above the bedrock surface.
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A total of 29 soil samples were collected at 15 monitor well locations for chemical
analysis (Table 3-3). Sample collection and laboratory analyses were conducted in
accordance with thie procedures and methods described in the site FSP and QAPP. The soil
samples were field screened to determine the concentration of volatile organic vapors, using
an Organic Vapor Monitor (OVM) equipped with a Photo lonization Detector (PID). A
sample designation explanation is provided in Volume III, Analytical Data, of the RFI Land

Disposal Areas Report.

Detailed soil sample logs were prepared for each subsurface soil sample using the
Unified Soil Classification System (USCS). Copies of the subsurface soil sampling logs are
presented in Appendix A.3. The drilling and sampling equipment were decontaminated in

accordance with the site QAPP.

Subsurface soil samples were collected using a truck mounted hollow stem auger drill
rig. Continuous formation samples were collected from boreholes for monitor wells MW-
21, MW-29, MW-31, MW-33, MW-?»S, MW-37 at 2-foot intervals using split spoon
samplers in accordance with American Society Testing Materials (ASTM) Method D-1586.
At the locations where piezometers were converted to monitor wells, soil borings were
drilled adjacent to the existing monitor wells and the split spoon sampling intervals were
selected using depth requirements specified in the RFI Work Plan and existing lithologic
data. The standard split spoon used was two inches in diameter and two feet in length,
providing a discrete sample of the two-foot interval. The split spoon was attac;hed to the
end of the drilling rod and driven into the soil the length of the sampler. After reaching the
desired depth, the split spoon was withdrawn from the borehole, detached from the drilling

rod, and opened. The upper portion of the split spoon was discarded.

At each borehole, subsurface samples were collected for chemical analysis in the
middle of the soil column (1/2 the distance between the surface and the top of bedrock) and
just above the top of bedrock surface. In some boreholes, fill or sludge materials comprised

a significant portion of the material above the top of bedrock surface and soil samples for
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chemical analyses were not collected from one or both of the proposed collection depths. If
the soil thickness was less than five feet, one sample was collected just above the bedrock
surface. Similarly, if the soil thickness was less than one-half foot, soil samples for
chemical analyses were not collected due to the inability to acquire sufficient sample

volume using the split spoon sampler (MW-31 and MW-32).

To prevent volatilization. soil from each sample interval was collected for VOC
analysis by transferring the soil directly from the sampling instrument to the app}opriate
sample container immediately after the split spoon was opened. The VOC samples were
then placed in a cooler with ice. The remaining soil was mixed for semivolatile and metals
analysis. Sample mixing followed procedures discussed in Section 3.1. After the mixing
was complete, the sample was then spooned into wide-mouth glass jars with Teflon™ lined

caps.

Some of the soil samples had a high clay content. In clayey soils, mixing the samples
according to the standard procedures was not possible. In these cases, the sample was
placed in the bowl and finely subdivided with a stainless-steel spoon. Representative

portions of the subdivided sample were then distributed to appropriate sample containers.

Duplicates, equipment blanks and field blanks were collected according to the
frequency and procedures specified in the site QAPP. Duplicate soil samples for
semivolatile and metals analysis were collected by transferring soil from the sta.inless steel
bowl into the appropriate containers in equal portions until the containers were full. In
clayey soils, each duplicate container was filled with equally representative soil portions.

Duplicate samples collected are presented in Table 3-3.
Soil samples were preserved with ice and relinquished to a courier for overnight

delivery service to ASI in Atlanta, Georgia for USEPA Method 8260A (VOCs), USEPA
Method 8270B (SVOCs), the thirteen PP metals, barium, and cyanide analysis.
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Drill cuttings generated at SWMUs 23, 38 and 39 soil sample locations were
containerized in Department of Transportation (DOT)-approved 55 gallon drums, labeled,
and stored in a central staging arca. Soil results were used to characterize investigation
derived waste (IDW) soil, except at MW-31 and MW-32 where soil samples were not
collected. At these locations, samples of drummed soil cuttings were collected and
analyzed for USEPA Method 8260A, USEPA Method 8270B, PP metals, barium, and
cyanide. Characterization of the IDW soil and disposal recommendations are presented
in Volume II, Investigation Derived Waste Report, of the Land Disposal Areas RFI
Report. Boreholes which were not converted to monitor wells, were abandoned by filling

the bore hole with a 3% bentonite mixture neat cement grout.

Analytical reports for the soil samples and IDW .samples are presented in Volume I1I,
Analytical Data, of the RFI Land Disposal Areas Report. After completion of the sampling
and analysis program, the field and analytical data were reviewed and validated according
to the procedures outlined in the site QAPP. The checklists completed during the data
validation are included in Volume 11, Analytical Data, of the RFI Land Disposal Areas
Report.

The intervals sampled at each location, and the methodology used to select the sample

intervals is discussed below in SWMU specific sections.

3.4.1 SWMU 23

Subsurface soil samples were collected from the five monitor well locations at
SWMU 23 (Table 3-3, Figure 3-2). Soil samples were collected at the location of newly
installed monitor well MW-21 and previously installed monitor wells MW-22, MW-23,
MW-24 and MW-25S/MW-25D. The proposed locations of monitor wells MW-22, MW-
23, MW-24, and MW-258/MW25D coincided with FWI piezometers P-31, P-30, P-29, and
P-28S/P-28D, respectively, and these piezometers have been converted into monitor wells.

Soil borings 23-SBMW22, 23-SBMW23, 23-SBMW24, and 23-SBMW?25, respectively,
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were drilled adjacent to the existing monitor wells to collect subsurface soil samples (Table

3-3).

Subsurface soil samples were collected at mid-depth and just above the bedrock
surface at the borehole for monitor well MW-21 and from soil borings 23-SBMW23 and
23-SBMW?24. The location names, sample identification numbers, and sample intervals for
the subsurface soil samples are presented in Table 3-3. Only one subsurface soil sample,
970806-LD-23-SL00022(0-2), was collected from a soil boring 23-SBMW22 since the
bedrock surface was observed at 2 ft bls during installation of this well. A single soil
sample, 970805-LD-23-SL.0025(19-21),was collected just above the bedrock surface in soil
boring 23-SBMW25 due to the presence of a significant thickness of sludge and lime used

for stabilization of biological sludge at this location.

3.4.2 SWMUs 38 and 39

Subsurface soil samples were collected from ten of the 12 monitor well locations at
SWMUs 38 and 39 (Figure 3-3). In the vicinity of SWMU 38, soil samples were collected
from six monitor well locations. Soil samples were collected at the location of newly
installed monitor wells MW-29 and MW-37 and previously installed monitor wells MW-
26, MW-27, MW-28, and MW-30S/MW-30D. Soil samples could not be collected at
newly installed monitor well MW-31 since less than one-half foot of native soil was present
at this location. The proposed locations of monitor wells MW-26, MW-27, MW-ZS, and
MW-30S/MW30D coincided with the locations of FWI piezometers P-27, P-26, P-25, and
P-24S/P-24D, respectively, and these piezometers have been converted into monitor wells
(Table 2-2). Soil borings 38-SBMW26, 38-SBMW27, 38-SBMW28, and 38-SBMW30,
respectively, were drilled adjacent to the existing monitor wells to collect subsurface soil

samples (Table 3-3).

Subsurface soil samples were collected at mid-depth and just above the bedrock

surface from the boreholes for newly installed monitor wells MW-29 and MW-37 and from
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soil borings 38-SBMW26, 38-SBMW27, 38-SBMW?28, and 38-SBMW30. The location
names, sample identification numbers, and sample intervals for the subsurface soil samples
are presented in Table 3-3. Soil sample 970808-LD-38-SL0027(22-24)was collected from
a second borehole installed adjacent to monitor well MW-27 to replace the 970805-LD-38-
SL-0027(22-24)VOC sample which was broken during shipment.

In the SWMU 39 area, subsurface soil samples were collected from four locations
(Table 3-3, Figure 3-2). Soil samples were collected at the location of newly installed
monitor wells MW-33 and MW-35 and previously installed monitor wells MW-345/MW-
34D and MW-36. Since soil was not present above the bedrock surface at previously
installed monitor wells MW-32, soil samples were not collected. The proposed locations of
monitor wells MW-32, MW-34S/MW-34D, and MW-36 coincided with the locations of
FWI piezometers P-7, P-65/P-6D, and P-5, respectively, and these piezometers have been
converted into monitor wells (Table 2-2). Soil borings 39-SBMW32,39-SBMW34 and 39-

SBMW36 were installed adjacent to these monitor wells to collect the subsurface soil data.

Only one soil sample was collected from the boreholes for monitor wells MW-33
and MW-35 and from soil boring 39-SBMW34 since less than 5 feet of native soil material
was present above the bedrock surface at each location. Subsurface soil samples were
collected at mid-depth and just above the bedrock surface from soil boring 39-SBMW36.
The location names, sample identification numbers, and sample intervals for the subsurface
soil samples are presented in Table 3-3. Soil sample 9708008-LD-39-SL0034(10-12)was
collected from a second borehole installed between existing monitor wells MW-34S and
MW-34D for collection of soil samples to replace the 970805-LD-38-SL-0034(10-12)VOC

sample which was broken during shipment.
3.5 MONITOR WELL INSTALLATION

At SWMU 23, the approved RFI Work Plan indicated a total of 8 monitor wells

would be installed; however, six monitor wells were installed. Since five of the proposed
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monitor well locations coincided with FWI piezometer locations and the piezometers
were constructed in accordance with monitor well construction specifications detailed in
the work plan, these five piezometers are being utilized as monitor wells. At SWMU 23,
piezometers P-28S, P-28D, P-29, P-30, and P-31 were converted to monitor wells MW-
258, MW-25D, MW-24, MW-23, and MW-22, respectively. New monitor well MW-21
was installed in 1997 during the Land Disposal Areas RFI. Proposed monitor well MW-
20 was not installed because SWMU 23 does not extend as far down Sand Mountain as
originally depicted in the work plan. Additionally, the proposed deep monitor well at the
MW-23 location was eliminated because a deeper monitor well was not warranted since
MW-23 i1s 78.5 ft deep. These modifications to the scope of work were proposed in a

letter dated May 12, 1997 to the USEPA.

At SWMUs 38 and 39, the approved RFI Work Plan indicated a total of 12
monitor wells would be installed; however, 14 wells were installed. Since seven of the
proposed monitor well locations coincided with FWI piezometer locations and the
piezometers were constructed in ac;cordance with monitor well construction specifications
detailed in the work plan, these seven piezometers are being utilized as monitor wells. At
SWMUs 38 and 39, piezometers P-5, P-6S, P-6D, P-7, P-27, P-26, P-25, P-24S, and P-
24D were converted to monitor wells MW-36, MW-34S, MW-34D, MW-32, MW-26,
MW-27, MW-28, MW-30S, and MW-30D, respectively (Table 2-2). Although monitor
well couplets were not proposed in the work plan at MW-34 and MW-30, piezometer
couplets had been installed at these locations during the FWI and the deeper wélls (MW-
34D and MW-30D) in the couplet are being utilized in the SWMUs 38 and 39
investigation. Five new shallow bedrock monitor wells MW-29, MW-31, MW-33, MW-
35, and MW-37 were installed during the 1997 Land Disposal Areas investigation.
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3.5.1 Installation Methods

The monitor wells which were installed during the Land Disposal Areas RFI and
monitor wells which were initially installed as FWI piezometers were installed in the first
water bearing zone encountered during drilling. Information from the monitor wells will
assist in characterizing the site geology, hydraulic gradients, groundwater flow rates, flow
direction, and groundwater quality in the Land Disposal Areas SWMUs. Construction
details for the monitor wells in the L.and Disposal Areas are included in Tabie 2-2. Both
the monitor wells which were installed during the Land Disposal Areas RFI and monitor
wells which were initially installed as FWI piezometers were installed using the

following procedures.

Two drill rigs and two different methods of drilling were utilized to drill the
boreholes for the monitor wells. -First, a hollow stem auger drill rig was used for drilling
in the unconsolidated residuum aﬁd collecting split spoon samples. After the auger rig
encountered bedrock or auger refusal, down-hole percussion hammer drilling was used to
complete the monitor well borehole in bedrock. A decontamination pad for
decontamination of drilling equipment was constructed using visquene on a bermed,
concrete pad near the Chemical Manufacturing Plant. All driiling and sampling

equipment was decontaminated in accordance with the QAPP.

The hollow stem auger drill rig, using 3.25 inner diameter (1.D.) augers, was used
to drill a nominal 7.25 inch pilot hole through the overburden sediments to auger refusal.
At the monitor well locations, 2-foot split spoon formation samples were collected
continuously from the land surface to the top of bedrock. The split spoon sampling was
performed in accordance with ASTM Method D-1586. After the split spoon was opened,
the samples were field screened to determine the concentration of volatile organic vapors,
using an OVM equipped with a PID. The physical characteristics of the samples obtained

were described in detailed soil boring logs using the USCS. Copies of the soil boring
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logs for the newly installed and the monitor wells installed during the FWI are provided
in Appendix A.4. After the soil was characterized. soil samples were archived in labeled,

air-tight glass containers.

During the hollow stem auger drilling, the subsurface conditions at each location
were evaluated to determine if a surface casing was needed. If a possible source of
contamination was suspected to be near the monitor well, a 6-inch diameter steel surface
casing was installed through the overburden into the bedrock surface. If a surface casing
was required, the existing 7.25-inch borehole was reamed to be a nominal 10-inch
diameter borehole using the air rotary method of drilling. Air was used as the circulating
media during drilling to clear the borehole of cuttings. The air from the compressor on
the rig was filtered using in-line and external filters to prevent oil from the compressor
from being introduced into the borehole. A small volume of potable water was
occasionally used during drilling to assist in the removal of drill cuttings. The borehole
was advanced approximately two feet into the bedrock surface, however, if the bedrock
surface was highly fractured o£ weathered. the borehole was advanced until more

competent rock was encountered.

After removal of the drill bit, a 6-inch steel surface casing was installed to the
total depth of the borehole. Permanent 6-inch surface casing was installed at monitor
wells MW-31, MW-33, MW-35, and MW-37 installed during the Land Disposal Areas
investigation and MW-25S, MW-25D, MW-26, MW-27, MW-32, MW-34S,l and MW-
34D and MW-36 installed during the FWI. The annular space was then sealed with neat
cement grout by pressure grouting with a tremie pipe from the bottom of the hole to land
surface. The cement grout consisted of a mixture of Portland Type I cement (ASTM
Method C-150) and water in a proportion that did not exceed seven gallons of potable
water per bag of cement (94 pounds). Additionally, 3 percent by weight of bentonite was
added to the grout to prevent shrinking and to control the heat of hydration during

grouting.
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If there were no adjacent sources of possible contamination, but the overburden
was unstable allowing for possible cave-in during drilling, a temporary 6-inch steel
surface casing was installed. A nominal 9-inch borehole was advanced through the
overburden using the air rotary method of drilling. The borehole was drilled
approximately 2 feet into the bedrock surface, or until competent bedrock was
encountered. After the drill bit was removed, a 6-inch steel surface casing was installed
to the total depth of the borehole. A bentonite seal, approximately 2- to 3-feet thick, was
placed around the bottom of the surface casing where it was seated in the bedrock. The
annular space at the land surface was sealed off with visquene to prevent rock cuttings
from falling into the annular space during drilling. The remaining annular space was left
open. A temporary surface casing was instalied at monitor well MW-29 during the Land
Disposal Areas investigation and MW-245, MW-24D, and MW-28 during the FWL

Following completion of the well, the temporary surface casing was removed.

After allowing the surface casing grout to set or bentonite in the case of a
temporary surface casing, a nominal 6-inch diameter borehole was drilled inside the
surface casing by down-hole percussion hammer drilling. Air was used as the circulating
media during drilling to clear the borehole of cuttings. The screened intervals of the
monitor wells were selected so that completed monitor wells would provide
representative hydrologic information for the water bearing zone. The boreholes were
advanced in bedrock until the drill cuttings were damp or wet and the borehole appeared

to produce sufficient water for a monitor well.

The bedrock monitor wells were constructed using 10 feet of new, 2-inch-
diameter, factory slotted, 0.010-inch slot polyvinyl chloride (PVC) screen with schedule
40, threaded, flush joint, PVC casing extending to land surface. A schematic diagram of
a typical bedrock monitor well is shown in Figure 3-5. The PVC casings conformed to
the requirements éf ASTM Method D-1785 and carried the seal of the National Sanitation

Foundation. A section of closed end, schedule 40 PVC casing was attached to the bottom
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of each screen to provide a sump for sediments. Each monitor well was fitted with a

vented PVC cap.

The annular space between the borehole and the screen was filled with 20/30
graded silica sand from the bottom of the borehole to approximately 2 feet above the top
of the well screen, either by gravity feeding the sand from the surface, or by using the

tremie method.

A nominal 2-foot thick bentonite seal was placed above the filter pack in each
piezometer to prevent the downward migration of cement grout. The seal. consisting of
tamped bentonite pellets, was installed by gravity feeding from the surface and allowed to
hydrate for a minimum of one hour. The remaining annular space above the bentonite
was sealed by pressure grouting with neat cement grout through a tremie pipe to land
surface. The cement grout consisted of a mixture of Portland Type I cement (ASTM
Method C-150) and water in a proportion that did not exceed seven gallons of clean water
per bag of cement (94 pound). Additi.onally, 3 percent by weight of bentonite powder
was added to the grout to prevent shrinking and control the heat of hydration during

grouting.

The boreholes were drilled as near to plumb as possible to assist in proper casing
alignment, and placement of the sand pack and cement seal. The plumbness of each
monitor well was checked by running a 6 ft length of 1.75-inch outer diaméter (0.D))
PVC attached to clean polyethylene rope to the bottom of the monitor well. Monitor well

casing plumbness was checked before and after grouting the annular space.

Drill cuttings from each borehole were containerized in DOT-approved 55-gallon
drums and labeled with the well number, date, and site. In August 1997, IDW rock
cuttings from monitor wells installed during the Land Disposal Areas investigation were
sampled and analyzed for USEPA Method 8260A, USEPA Method 8270B, the thirteen

PP metals, barium, and cyanide. Analytical reports for the IDW samples and the
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checklists completed during the data validation are presented in Volume III, Analytical
Data, of the RFI Land Disposal Areas Report. Characterization of the IDW and
recommendations for disposal are presented in Volume II, Investigation Derived Waste
Report, of the RFI Land Disposal Areas Report. IDW drill cuttings from the monitor

wells installed during the FWI were characterized in the RFI Facility-Wide Report.

Precautions were used during the drilling and monitor well construction to prevent
the entry of foreign material into the well. Monitor well casings were set to extend to
two to three ft above grade, and surrounded by a 4-inch diameter protective steel casing
set into a concrete pad. The protective steel casings have locking caps. Each concrete
pad has nominal dimensions of 3 ft x 3 ft x 4-inches and slopes away from the monitor
well. A permanent metal plate was installed in each concrete pad and stamped with the
monitor well identification number. In areas where monitor wells could possibly be
damaged by vehicular traffic, 4-inch diameter steel protective posts were placed equally
spaced around the monitor well. ‘The number of protective posts used ranged from two to
four posts. At one location (MW-‘33), six 6-inch steel posts were installed around the
monitor well due to a high probability of the monitor well being damaged by heavy
machinery. When installed, the protective posts were concreted into the ground to a

depth of approximately two ft bls, and then the posts were filled with concrete.

The Geraghty & Miller representative prepared detailed monitor well construction
and sample core logs for each monitor well. Copies of the field logs for the monitor
wells installed during the Land Disposal Areas investigation and the FWI are included in

Appendix A.S.

3.5.2 Well Development

After completion of each monitor well, but no sooner than 48 hours after grouting
was completed, monitor well development was conducted. The monitor wells were

developed by pumping and/or bailing. No acids or dispersing agents were used in any
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monitor well. Development continued until the pH, conductivity, and turbidity of the
groundwater had stabilized, or until it was determined that further development would not
provide any significant improvement in turbidity. The well yield for monitor wells MW-
26, MW-34D, and MW-35, were too low to permit continuous pumping or bailing. This
monitor well was initially pumped dry and allowed to recharge for 24 hours. After 24
hours, the volume of water in the monitor well casing was considered one recharge
volume and the monitor well was repeatedly bailed dry until five recharge volumes were

removed. Monitor well development logs are presented in Appendix A.6.

Development water was containerized in DOT-approved 55-gallon drums and
labeled with the monitor well identification number, site location and date. Groundwater
sampling results will be used to characterize IDW development water. Charactenzation
of the IDW development water and disposal recommendations are presented in Volume

Ii, Investigation Derived Waste Report, of the RFI Land Disposal Areas Report.
3.6 IN-SITU PERMEABILITY TESTING

In-situ permeability tests were performed on each of the installed monitor wells
to determine the hydraulic conductivity of the formation around the screened portion of
each well. In-situ permeability tests were conducted on the monitor wells installed
during the Land Disposal Areas investigation in August 1997 and the monitor wells
installed during the FWI in August 1995. The tests were performed by rapidlSJ lowering
a sealed, closed end, water filled PVC pipe (slug) into each monitor well, instantaneously
displacing the water column from its initial static level. The water level in each monitor
well was measured to 0.01-foot accuracy with a pressure transducer and an In-Situ Model
SE 1000B Hermit data logger. The initial phase of the test is known as a falling head
slug test. After the water level had equilibrated, less than 0.01 ft change over at least six
minutes, the slug was quickly removed causing the water column to instantly fall and
then begin to rise towards its static level. The falling head and rising head versus time

data were analyzed to determine the hydraulic conductivity at each monitor well tests.
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The accumulated data were transferred to an IBM Compatible PC from the data logger.

Microsoft Excel™ software was used to organize, print, and graph the raw data.

The hydraulic conductivity was calculated using ARCADIS Geraghty & Miller,
Inc. AQTESOLV™ software which solves for hydraulic conductivity using the method
presented by Bouwer and Rice (1976). In general, data from the water-level displacement
during the initial phase of infiltration and recovery were given a higher weight due to
minimal sandpack effects, and the best-fit line was found for data points from the
beginning of the test which represent steady-state recovery. Monitor well slug test logs
and evaluations are presented in Appendix C for the new and previously installed monitor

wells.
3.7 WATER LEVEL MEASUREMENTS

Water level measurements were collected on August 17, 1997 at all site
piezometer locations and monitor:wells in the Land Disposal Areas SWMUs using an
electronic water rule (Appendix A.7). Table 2-2 summarizes water level data collected in
August 1997. Additionally, surface water levels were measured at the staff gages in Five
Mile Creek and the drainage ditch in August. The water level at staff gage SG-3 was not
measured because it could not be located on August 17, 1997. The data obtained on
August 17, 1997 was used to construct groundwater contour maps which were used to
estimate flow patterns and gradients over the site. The electronic water‘ rule was
decontaminated prior to use at each piezometer and monitor well according to the

procedures specified in the site QAPP.

3.8 GROUNDWATER SAMPLING

A total of twenty (20) monitor wells (MW-21 through MW-37) were sampled at
SWMUs 23, 38, and 39. The purpose of the groundwater sampling and analysis was to

determine if groundwater has been impacted by site activities. Copies of the groundwater
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sampling logs are included in Appendix A.8. A sample designation explanation is

provided in Volume III, Analytical Data, of the RFI Land Disposal Areas Report.

Groundwater sampling was conducted in accordance with the procedures
specified in the FSP and QAPP which are summarized below. After taking water level
and total depth measurements using an electronic water rule at each well, the volume of
water in the wells and the purge volume were calculated. The well was purged using a 2-
inch submersible pump with the pump intake approximately 10 feet into the water
column. As drawdown increased, the pump was lowered to prevent exposure of the
intake. In this manner, stagnant water was removed from the well casing from the top to
the bottom. If no appreciable drawdown was observed, the pump was not lowered and

fresh formation water was allowed to be drawn up the casing to the intake point by the

pump.

The 2-inch submersible pump is equipped with a check valve which prevents
purged water in the discharge hose from draining out of the pump during removal of the
pump from the well or while the pump is shut off. Pumping rates of one gallon per
minute or less were used to purge wells to minimize the amount of sediment entrained in

the water column induced by purging activities.

Three to five well volumes were purged from each monitor well using the 2-inch
submersible pump unless the well went dry. Monitor wells MW-26, MW-34D,-and MW-
35 pumped dry after approximately one well volume and were sampled less than 24 hours
later after they had recovered enough to collect the required samples. Less than 5 well
volumes were purged only when pH, conductivity, temperature, dissolved oxygen, and

turbidity readings stabilized in less than 5 well volumes.

Field parameters (pH, conductivity, temperature, dissolved oxygen, and turbidity)

were measured during purging and immediately before collecting groundwater samples
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from each monitor wells sampled (Table 3-4). Field instruments were calibrated

according to the frequency and procedures specified in the site QAPP.

After 5 well volumes had been purged or field parameters stabilized groundwater
samples were collected through the 2-inch submersible pump for USEPA Method 8§270B
(SVOCs), the thirteen PP metals, barium, and cyanide. After non-volatile samples had
been collected, the 2-inch submersible pump was removed from the well. Groundwater
samples for USEPA Method 8260A (VOCs) were collected from the center of the
screened interval using a Teflon™ bailer attached to a Teflon™ coated stainless steel.
The VOC samples were collected using the procedures detailed in the site QAPP to

minimize aeration of the sample.

Monitor wells that pumped dry (MW-26, MW-34D, and MW-35) were sampled
for USEPA Method 8260A, USEPA Method 8270B, the thirteen PP metals, barium, and
cyanide from the center of the screened interval using a Teflon™ bailer attached to a
Teflon™ coated stainless steel caB]e. Groundwater samples for USEPA Method 8260A
were collected first using the procedures detailed in the site QAPP to minimize aeration
of the sample. Samples for USEPA Method 8270B, the thirteen PP metals, barium, and
cyanide were collected using the Teflon™ bailer after collection of the USEPA Method
8260A samples.

After collection, sample containers were placed in a cooler conta'ining ice.
Duplicate samples were collected by filling containers with equal aliquots of
groundwater. Equipment blank, field blank, and duplicate samples were collected according
to the frequency and procedures specified in the site QAPP. All sampling equipment was

decontaminated in accordance with the QAPP.
The groundwater samples were preserved with ice and relinquished to a courier

for delivery to ASI. Analytical reports for the groundwater samples are presented in

Volume III, Analytical Data, of the RFI Land Disposal Areas Report. After completion
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of the sampling and analysis program, the field and analytical data were reviewed and
validated according to procedures outlined in the site QAPP. The checklists completed
during the data validation are included in Volume III, Analytical Data, of the RFI Land

Disposal Areas Report.

Purge water was containerized in DOT-approved 55-gallon drums and labeled
with the monitor well identification number, site location, and date. If development
water drums at each monitor well location were not completely filled, purge water
generated during the groundwater sampling event was placed in the development water
drums. Purge water from different monitor wells was not mixed. Groundwater sampling
results were used to characterize the IDW purge water. Characterization of the IDW
purge water and disposal recommendations are presented in Volume II, Investigation

Derived Waste Report, of the RFI Land Disposal Areas Report.

3.9 SITE SURVEY

Abrams Aerial Survey Corporation prepared a site topographic map for the Sloss
Industries Corporation Facility during preparation of the RFI Work Plan. During the FWI.
information was obtained from Abrams Aerial Survey Corporation on the survey control
used during preparation of the base map so that the site surveys for all RFIs could be tied to
the existing site map. This site map was used as the base map for the Land Disposal Areas
investigation. All surveying completed for the Land Disposal Areas investigation was

conducted by a State-certifiedland surveyor.

In June to August 1997, surficial soil and sludge sample locations, geophysical
survey lines, and newly installed monitor well locations were surveyed vertically to mean
sea level and tied horizontally to the site base map. Land Disposal Areas survey data is

presented in Appendix D and surface elevations for the monitor wells are presented on

Table 2-2.
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4.0 DESCRIPTION OF INVESTIGATIVE TASKS

During the Land Disposal Areas Investigation, several investigative approaches were
utilized in evaluating whether a reiease had occurred in the past. A geophysical
conductivity and/or resistivity survey of the perimeter of SWMU 23 and SWMUSs 38 and 39
was performed to locate areas with relatively high conductivities in soil and groundwater
which may be a result of migration of contaminants from the SWMUSs as leachate. Seismic
data collected during the FWI around the perimeter of SWMU 23 and SWMUs 38 and 39

was used to provide data on the depth to bedrock.

The chemical properties of the sludge associated with the Land Disposal Areas
SWMUs were investigated to evaluate the potential contaminants present in the sludge.
The chemical properties of the surficial and/or subsurface soils and groundwater were
investigated to confirm the presence or absence of contamination at these SWMUs. Sludge,
surficial and/or subsurface soils, and groundwater samples were analyzed for VOCs
(USEPA Method 8260A), SVOCs (USEPA Method 8270B), the thirteen PP metals,

barium, and cyanide. Sludge samples were also analyzed for TCLP constituents.

Total VOCs, SVOCs, PP metals, barium, and cyanide data were collected to assess
the chemical properties of the sludge samples. The sludge samples were evaluated based on
comparison of the TCLP results to RCRA Toxicity Characteristic (TC) levels to assess the
potential for chemical constituents present in the sludge to leach into the soil and

groundwater.

Soil concentrations were evaluated based upon a comparison to USEPA Region III
RBCs for soil ingestion in an industrial setting as presented in the Region III USEPA Risk-
Based Concentration Table dated October 22, 1997 (Table 4-1). The industrial RBCs for
soil ingestion were used as a screening tool to identify if a potential risk exists. A risk
assessment was then conducted to evaluate actual risk which may exist. RBCs are

chemical concentrations corresponding to fixed levels of risk (i.e., hazard quotient of 1,
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or a lifetime cancer risk of 10°. whichever occurs at a lower concentration). The RBCs
were developed by taking toxicity constants (reference doses and carcinogenic potency
slopes) and combining these constants with “standard” exposure scenarios. Since an
industrial RBC for soil ingestion is not available for lead, the de facto residential RBC was
used. Industrial RBCs for soil ingestion were not available for several compounds detected

including acenaphthylene, benzo(g,h,1)perylene,and phenanthrene (Table 4-1).

Groundwater concentrations were evaluated based upon a comparison to USEPA
Maximum Contaminant Levels (MCLs) or Region [il RBCs for tap water if an MCL was
not available for a constituent. The MCLs or RBCs for tap water were used as a screening
tool to identify if a potential risk exists. A risk assessment was then conducted to evaluate

actual risk which may exist

Based upon a review of data collected at Land Disposal Areas SWMUs,
concentrations of metals detected were below USEPA Industrial RBCs except for arsenic
and beryllium. Because concentréiions of arsenic and beryllium are naturally high in site
soils, site background soil results for these metals were used during the data evaluation

(Tables 2-1 and 4-1).
4.1 BIOLOGICAL SLUDGE DISPOSAL AREA (SWMU 23)

4.1.1 Site Specific Geology

SWMU 23 is located on Sand Mountain on the fault slice mapped during the FWI.
The fault slice is located between the hanging wall and the footwall of the Opossum
Valley Fault. The geology and structural features discussed below are depicted on
Figures 2-6 and 4-1. From the base of Sand Mountain to the crest, the Mississippian age
Hartselle Sandstone and Tuscumbia Limestone, Silurian age Red Mountain Formation,
Mississippian age Fort Payne Chert, and the Pennsylvanian age Pottsville Formation are

exposed at the surface, or interpreted to be present although they are covered (Figures 2-6
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and 4-1). The formations present on Sand Mountain in the SWMU 23 area dip to the
southeast on the eastern slope of the mountain and are overturned on the crest (Figure 2-
6). Measured dips range from 32° (southeast) to 80° (overturned) moving up Sand
Mountain to the west. The large variations in dip of the rocks on Sand Mountain and
overturned beds are the result of complex folding and faulting along the Opossum Valley

fault.

The Opossum Valley fault trace is inferred to be present at the contact between
the Cambrian age Conasauga Formation and the Hartselle Formation located at the base
of the mountain (Figures 2-6, 2-8, and 4-1). The fault slice trace, which is located
approximately 500 ft west of SWMU 23, is interpreted to be present at the contact
between the Fort Payne Chert and the Pottsville Fonﬂation. The fault slice 1s interpreted
to be an anticlinal structure, plunging to the northeast, which was torn from the
Birmingham Anticlinorium and faulted stratgraphically downward. The axis of the
anticlinal structure of the fault slice trends northeast and is located in the Red Mountain

Formation in the vicinity of SWMU 23 (Figure 2-6).

Monitor wells MW-21, MW-25S, and MW-25D were screened in fractured,
micritic limestone, interpreted to be within water-bearing portions of the Conasauga
Formation, just east of the Opossum Valley Fault. Monitor weils MW-23 and MW-24
were screened 1n sandstone and shale, interpreted to be within the mapped fault slice in
water-bearing portions of the Pennsylvanian Parkwood Formation. Monitor we.ll MW-22
was screened in slightly fractured limestone interpreted to be within the mapped fault

slice in water-bearing portions of the Tuscumbia Limestone.

The soil overburden consists primarily of clay (CH to CL) with areas of cherty
clay. Thickness of the soil overburden ranges from 0 to 38 feet. The soil overburden is
thickest near monitor well MW-23 and thinnest at MW-22. The increased soil thickness

in the vicinity of MW-23 is a result of weathering of the relatively less competent chert of
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the Fort Payne Chert formation. Significant non-native material, related to plant

activities, was present overlying soils at monitor wells MW-258 and MW-25D.

4.1.2 Site Specific Hydrogeology

Lithologic samples. geophysical analysis, water-level measurements, and the
results of the in-situ permeability testing were used to develop an understanding of the

hydrogeology at SWMU 23.

4.1.2.1 Geophysical Evaluation

The geophysical evaluation included the FWI seismic survey conducted in 1995
and the conductivity survey conducted in July 1997. The FWI seismic survey report is
presented in Appendix E of the RFI Facility-Wide Report and the Geophysical
Investigation Report which presents the results of the conductivity survey is presented in

Appendix B of this report.

4.1.2.1.1 Facility-Wide Seismic Investigation

Perimeter seismic data collected during the FWI detected three velocity zones at
the site indicating differences in rock materials underlying the Sloss Facility. ‘The three
velocities were interpreted to consist of the following: (1) residual soil, (2) the

weathered upper bedrock surface, and (3) hard rock with little secondary porosity.

Areas on Sand Mountain (S40 and S41 located west of SWMU 23) are underlain
by three layers. The residual soil has velocities of about 2,000 ft/sec (feet/second) (Figure
3-4). The intermediate layer or weathered bedrock, where it exists, has a velocity usually
somewhat less than 6,000 ft/sec. The hard bedrock, which was interpreted to have little

secondary porosity, has average velocities exceeding 15.000 ft/sec. The higher velocity
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layer on Sand Mountain shows more variation in bedrock velocity and often have
velocities less than 8,000 ft/sec. The lower velocities present on Sand Mountain are

within the observed range of shale (6,000 to 10,000 ft/sec).

On Sand Mountain, both deep and shallow depths are observed for the high
velocity bedrock. Depths range from approximately 10 feet to over 40 feet. Depths to
bedrock of over 40 feet are encountered on spread S40 and indicates undulating
weathering of the bedrock surface on Sand Mountain has occurred and often several feet

of relief is developed over tens of feet.
4.1.2.1.2 Conductivity Survey

EM-31 and EM-34 conductivity survey lines are shown on Figure 3-2 and the
Geophysical Investigation report is included as Appendix B. EM-31 and EM-34 readings
were taken every 5 and 25 feet, respectively, and penetrated 18 and 50 ft bls, respectively.
A total of four anomalous areas of high conductivity, labeled A, B, C, and D on Figures 1

and 2 of Appendix B, were observed in the EM-31 and EM-34 data.

Anomaly A was observed in the EM-31 and EM-34 data. Anomalies C and D.
which occur in the same general region, were observed in the EM-31 and EM-34 data,
respectively. Maximum observed conductivities at anomalies A, C, and D were
approximately 30 millimho/m, which is slightly higher than average observed shallow
and deep conductivities (less than 20 and less than 15 millimho/m, respectively).
Anomalies A, C, and D occur in an area where shale and iron-rich sandstone of the Red
Mountain Formation has been observed to outcrop and are approximately coincident with
observed bedding planes. Shales are often conductive due to their bedding structure and

high porosity.

Anomaly B 1s a well-defined feature and was only observed in the shallow EM-31

data. The well-defined nature of Anomaly B indicates it may be a result of increased soil

ARCADIS GERAGHTY&MILLER



4-6

thickness or increased bedrock porosity due to fracturing in the vicinity of the anomaly.
Increased conductivities which result from the presence of conductive fluids (e.g.
leachate) in the subsurface are generally more extensive features than observed at

Anomaly B.

4.1.2.2 Hydrogeology

In the vicinity of SWMU 23, the observed groundwater elevations rangé from
535.24 (MW-22) to 603.90 (MW-23) ft amsl (Table 2-2 and Figure 2-9). The direction of

groundwater flow is to the east toward the base of Sand Mountain.

Hydraulic conductivities calculated from slug tests conducted on monitor wells
surrounding SWMU 23 range from 6 x 10° cm/sec (MW-25D) to 3 x 107 cm/sec (MW-
22) (Table 4-2). Relatively high conductivities in the Tuscumbia Limestone at monitor
well MW-22 may be responsible for decreased observed water table elevations. The
average horizontal hydraulic gradient in the vicinity of SWMU 23 is 0.100 fuft. This
average hydraulic gradient was used tokcalculate groundwater flow velocities, using an
assumed porosity of 0.20 for formation materials. Calculated groundwater flow

velocities at SWMU 23 range from 3 ft/year (MW-25D) to 1000 ft/year (MW-22).

4.1.3 Sludge Sampling

Five (5) sludge samples (including 1 duplicate sample) were collected from four
locations at SWMU 23 and analyzed for VOCs, SVOCs, PP Metals, barium, cyanide, and

TCLP constituents (Table 3-2 and Figure 3-2).
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4.1.3.1 Sludge Description

Sludge samples collected from SWMU 23 were black to moderate brown in color
and were composed of clay/silt sized material (Appendix A.2). All sludge samples from

SWMU 23 were moist to saturated and had a septic odor.
4.1.3.2 Chemical Characteristics
4.1.3.2.1 Total Volatile Organic Compounds

Five VOCs including 2-butanone, acetone, ethylbenzene, toluene, and xylenes

were detected in sludge samples collected at SWMU 23 (Table 4-3).
4.1.3.2.2 Total Semivolatile Organic Compounds

Fifteen PAHs and 4-metﬁy’lphenol (p-cresol) were detected in sludge samples
collected at SWMU 23 (Table 4-3). Total PAH concentrations ranged from 55,600 to
357,100 ug/kg.

4.1.3.2.3 Total Metals and Cyanide

Cyanide and ten of the thirteen PP metals were detected in sludge samples

collected at SWMU 23 (Table 4-3).
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4.1.3.2.4 TCLP Analyses

TCLP VOCs, SVOCs, organochlorine pesticides, and chlorinated herbicides were
not detected in sludge samples collected at SWMU 23 (Table 4-4). Two TCLP metals,
barium and chromium, were detected in the sludge samples (Table 4-4). Barium was
detected in all of the sludge samples and concentrations ranged from 3.5 to 18 milligrams
per liter (mg/L). These concentrations were well below the RCRA TC level of 100 mg/L.
Chromium was detected in two of four sludge samples at concentrations of 0.12 and 0.18

mg/L which were below the RCRA TC level of 5 mg/L.

4.1.4 Subsurface Soil Sampling

Nine (9) subsurface soil samples (including one duplicate sample) were collected
at the five (5) monitor well locations around the perimeter of SWMU 23 and analyzed for

VOCs, SVOCs, PP metals, barium, and cvanide (Table 3-3 and Figure 3-2).

4.1.4.1 Soil Description

Soils from SWMU 23 were composed primarily of light brown, stiff to plastic
clay (CL to CH) with minor amounts of chert and sandstone fragments (Appendix A.3).
Saturated soil conditions were not encountered until directly above the bedrock surface.
No odor was detected in the soil samples and OVM readings were below detecﬁon limits

in all samples.
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4.1.4.2 Chemical Characteristics

4.1.4.2.1 Total Volatile Organic Compounds

Acetone was detected in one soil sample, 970805-LD-23-SL0025(19-21).
collected from SWMU 23 (Table 4-5). The detected acetone concentration was well
below the USEPA Industrial RBC of 200,000,000 ug/kg. Acetone is typically a result of

lab or field decontamination procedures.
4.1.4.2.2 Total Semivolatile Organic Compounds

SVOCs were not detected in subsurface soil samples collected at SWMU 23
(Table 4-5).

4.1.4.2.3 Total Metals and Cyanide-

Cyanide and nine of the 13 PP metals were detected in soil samples collected
from SWMU 23 (Table 4-5). The concentration of lead detected was below the USEPA
Residential RBC. Detected barium, beryllium, cadmium, chromium, copper, lead, nickel,

zinc, and cyanide concentrations were below USEPA Industrial RBC concentrations.

Arsenic was detected above the USEPA Industrial RBC of 3.8 mg/kg in soil
samples 970806-LD-23-S1.0022(0-2), 970806-LD-23-SL0023(24-26), 970805-LD-23-
SL0024(7-9), and 970805-LD-23-SL0024(14-16) at 4.6, 6.3, 13, and 30 mgkeg,
respectively. Only soil sample, 970805-LD-23-SL0024(14-16), was outside the arsenic
range observed in background soil samples (1.9 to 21 mg/kg) collected as part of the FWI
(Table 4-1). The presence of arsenic in the background soil samples and the fact that
arsenic was not detected in TCLP sludge samples suggests this metal is not derived from

the sludge material. Furthermore, this soil sample location is upgradient of SWMU 23
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and the arsenic concentration in the 7 to 9 ft bls soil sample collected at the same location

had a lower arsenic concentration (13 mg/kg).

4.1.5 Groundwater Quality

At SWMU 23, seven (7) groundwater samples (including one duplicate sample)
were collected at monitor wells MW-21, MW-22 MW-23, MW-24, MW-25§, and MW-
25D, and analyzed for VOCs, SVOCs, PP metals, barium, and cyanide (Figufe 3-2).

Field analyses conducted during groundwater sampling are summarized on Table 3-4.

4.1.5.1 Volatile Organic Compounds

Acetone was detected in groundwater sample 970818-LD-23-GW0022 collected
from monitor well MW-22 (110 micrograms per liter {ug/L.1); however, acetone was not
detected in the soil sample collected at MW-22 (Tables 4-5 and 4-6). The detected
acetone concentration was well below the USEPA RBC for tap water of 3,700 ug/L.

Acetone 1s a common lab or field decontamination contaminant.

4.1.5.2 Semivolatile Organic Compounds

SVOCs were not detected in groundwater samples collected at SWMU 23 (Table
4-6). '

4.1.5.3 Metals and Cyanide

Cyanide and metals including barium, chromium, copper, nickel, and zinc were
detected in groundwater samples collected from SWMU 23 (Table 4-6). Detected

cyanide and metal concentrations were below USEPA MCLs.
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4.1.6 Summary

SWMU 23 is located on Sand Mountain on the fault slice mapped during the FWI.
The fault slice, which is interpreted to be an anticlinal structure, is located between the
hanging wall and the footwall of the Opossum Valley Fault. The formations present on
Sand Mountain range from Silurian to Pennsylvanian age and dip to the southeast on the

eastern slope of the mountain and are overturned on the crest.

Perimeter seismic data coliected during the FWI detected three velocity zones at
the site indicating differences in rock materials underlying the Sloss Facility. The three
velocities were interpreted to consist of the following: (1) residual soil, (2) the
weathered upper bedrock surface, and (3) hard rock with little secondary porosity.
Depths to bedrock of over 40 feet were encountered in the seismic survey and indicates
undulating weathering of the bedrock surface on Sand Mountain has occurred and often

several feet of relief is developed. over tens of feet.

A total of four anomalous areas of high conductivity, A, B, C, and D, were
observed in the EM-31 and EM-34 data. Anomalies A, C, and D occur in an area where
shale and iron-rich sandstone of the Red Mountain Formation has been observed to
outcrop and are approximately coincident with observed bedding planes. Shales are often
conductive due to their bedding structure and high porosity. The well-defined nature of
Anomaly B indicates it may be a result of increased soil thickness or increased bedrock
porosity due to fracturing in the vicinity of the anomaly. Increased conductivities which
result from the presence of conductive fluids (e.g. leachate) in the subsurface are

generally more extensive features than observed at Anomaly B.
In the vicinity of SWMU 23, the observed groundwater elevations range from

535.24 to 603.90 ft amsl. The direction of groundwater flow is to the east toward the

base of Sand Mountain. Hydraulic conductivities calculated from slug tests conducted on
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monitor wells surrounding SWMU 23 range from 6 x 10° 1o 3 x 107 cm/sec and

calculated groundwater flow velocities range from 3 to 1000 ft/year.

Five VOCs, 16 SVOCs including 15 PAHs and 4-methylphenol (p-cresol), 10 PP
metals, and cyanide were detected in sludge samples collected from SWMU 23. TCLP
metals barium and chromium were detected in the studge samples collected from SWMU

23, but concentrations were well below RCRA TC levels.

Acetone, nine PP metals, and cyanide were detected in subsurface soil samples
collected at SWMU 23. All detected parameters, except for arsenic, were below USEPA
Industrial RBCs for soil ingestion. Arsenic exceeded the USEPA Industrial RBC in four
subsurface soil samples; however, only one soil sample was outside the range for arsenic

observed in background soil samples.

Acetone, barium, chromium, copper, nickel, zinc, and cyanide were detected in
groundwater samples from SWMU 23. The USEPA RBC for tap water was not exceeded

for acetone and USEPA MCLs were not exceeded for the other constituents.
4.1.7 Conclusions
Although only one arsenic concentration exceeded the USEPA Industrial RBC for

soil ingestion and was outside the observed arsenic range in background samples, a risk

evaluation will be prepared for this SWMU as proposed in the RFI Work Plan.
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4.2 BLAST FURNACE EMMISIONS CONTROL SLUDGE WASTE PILE
(SWMU 24)

4.2.1 Site Specific Geology

SWMU 24 is located east of the Opossum Valley Fault mapped during the FWI
and is underlain by the Conasauga Formation {Figures 2-6 and 2-8). Measured dips of

the Conasauga Formation range from 26° to 32° to the southeast.

Although monitor wells and piezometers have not been installed at SWMU 24,
several monitor wells and FWI perimeter piezometers (P-2, P-3, P-4, MW-5, and MW-
36) have been installed around the perimeter of the Sloss Facility or in adjacent SWMUs
(Figure 2-2). These monitor wells and piezometers are screened in micritic limestone,
interpreted to be within water-bearing portions of the Conasauga Formation. Typically,
according to litholgic data, portions of the Conasauga Formation are more permeable near
the weathered bedrock surface. Seismic data collected during the FWI indicated the
upper Conasauga Formation has lower velocities and is more permeable than lower

portions throughout the Sloss Facility.

The inferred bedrock topography of the SWMU 24 area is presented on Figure 2-
8. The soil overburden at nearby piezometers and monitor wells consist primarily of clay
(CH to CL) and the soil thickness ranges from 6 to 22 feet. The soil overburden is

thickest at piezometer P-2 and thinnest at monitor well MW-5.

4.2.2 Site Specific Hydrogeology

Lithologic samples, geophysical analysis, water-level measurements, and the
results of the in-situ permeability testing in SWMUSs adjacent to SWMU 24 were used to
infer the hydrogeology at SWMU 24.
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In the vicinity of SWMU 24, the observed groundwater elevations range from
517.61 (P-2) to 535.14 (MW-36) ft amsl. The shallow groundwater flow direction is to
the northeast toward Five Mile Creek (Table 2-2 and Figure 2-9).

A downward hydraulic gradient of 0.12 ft/ft was present at monitor well MW-5

and piezometer P-4, screened in the upper Conasauga Formation, on May 17, 1997.

Hydraulic conductivities calculated from slug tests conducted on piezometers and
monitor wells surrounding SWMU 24 range from 4 x 10° cm/sec (P-4) to 9 x 10” cm/sec
(MW-5) (Table 4-2). Piezometers P-4 and MW-5 are a piezometer couplet and P-4 is
screened approximately 20 feet deeper than monitor well MW-5. The difference in
conductivities between P-4 and MW-5 is probably a result of the former being screened
within less permeable portions of the Conasauga Formation. The average horizontal
hydraulic gradient in the vicinity of SWMU 24 is 0.025 fv/ft. This hydraulic gradient was
used to calculate groundwater flow velocities using an assumed porosity of 0.01 for P-4
and 0.20 for the rematning piezométers and monitor wells. Calculated groundwater flow

velocities surrounding SWMU 24 range from 0.1 ft/year (P-4) to 1000 ft/year (MW-5).

4.2.3 Sladge Sampling

Five (5) sludge samples (including 1 duplicate sample) were collected from four
locations at SWMU 24 and analyzed for VOCs, SVQOCs, PP metals, barium, cyanide, and
TCLP constituents (Table 3-2 and Figure 3-1).

4.2.3.1 Sludge Description
Sludge samples collected from SWMU 24 were dusky brown in color and were

composed of silt to fine grained sand sized material (Appendix A.2). All sludge samples

from SWMU 24 were dry and had no odor.
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4.2.3.2 Chemical Characteristics

4.2.32.1 Total Volatile Organic Compounds
VOCs were not detected in sludge samples collected from SWMU 24 (Table 4-7).
4.2.3.2.2 Total Semivolatile Organic Compounds

SVOCs were not detected in sludge samples collected from SWMU 24 (Table 4-
7).

4.2.3.2.3 Total Metals and Cyanide

Cyanide and 11 of the 13 PP metals were detected in the SWMU 24 sludge
samples (Table 4-7).

4.2.3.2.4 TCLP Analyses

TCLP VOCs, SVOCs, organochlorine pesticides, and chlorinated herbicides were
not detected in the sludge samples (Table 4-8). Two TCLP metals, barium and cadmium,
were detected in the sludge samples (Table 4-8). Barium was detected in all of the sludge
samples and concentrations ranged from 0.6 to 1.2 mg/L. These concentrations.were well
below the RCRA TC level of 100 mg/L for barium. Cadmium was detected in four of the
five sludge samples at concentrations ranging from 0.01 to 0.06 mg/L which were below

the RCRA TC level of 1 mg/L.
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4.2.4 Surficial Soil Sampling

Sixteen (16) subsurface soil samples (including one duplicate sample) were
collected at fifteen (15) locations around the perimeter of SWMU 24 and analyzed for
VOCs, SVOCs, PP metals, barium, and cyanide (Table 3-1 and Figure 3-1).

4.2.4.1 Soil Description

Soils from SWMU 24 were composed primarily of moderate brown, stiff to
plastic clay (CL to CH) with some light brown to grayish orange mottling, root material,
and minor amounts of rock fragments (Appendix A.1). Saturated soil conditions were not
encountered in soil samples from locations 24-SL0O00S5 and 24-SL0007, soil samples from
the remaining locations were dry to moist. No odors were detected in soil samples except
for the sample from location 24-SL0007. Soil collected from sample location 24-SL0007
had a chemical odor and minor amounts of a black “tar-like” substance was observed in

the sample.

4.2.4.2 Chemical Characteristics

4.2.4.2.1 Total Volatile Organic Compounds

Acetone was detected at 150 ug/kg in one soil sample, 970618-LD-24-SL0012,
collected from SWMU 23 (Table 4-9). The detected concentration was well below the
USEPA Industrial RBC of 200,000,000 ug/kg. Acetone is typically a result of lab or field
decontamination procedures. No other VOCs were detected in surficial soil samples

collected at SWMU 24,
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4.2.4.2.2 Total Semivolatile Organic Compounds

Sixteen PAHs were detected in surficial soil samples collected at SWMU 24
(Table 4-9). Concentrations of acenaphthene, anthracene, benzo(k)fluoranthene,
chrysene, dibenzo(a,h)anthracene, fluoranthene, fluorene, naphthalene, and pyrene
detected were below USEPA Industrial RBCs for soil ingestion in all samples. There are
no USEPA Industrial RBCs calculated for acenaphthylene, benzo(g,h.i)perylene, and

phenanthrene.

Benzo(a)anthracene, benzo(b)fluoranthene, and indeno(1,2,3-cd)pyrene were
detected above their USEPA Industrial RBCs of 7,800 ug/kg in soil sample 970618-LD-
24-SL0014 (63,000, 33,000, and 22,000 ug/kg, respectively).

Benzo(a)pyrene was detected above the USEPA Industrial RBC of 780 ug/kg in
soil samples 970617-LD-24-SL0003 (1,400 ugrkg), 970618-LD-24-SL0011 (2,100
ug/kg), 970618-LD-24-SL-0014 &36,000 ug/kg), and 970618-LD-24-SL.0016 (3,400
ug/kg) (Table 4-9).

PAHs were not detected in sludge samples collected at SWMU 24. The absence
of PAHs in the sludge samples suggests that PAHs detected in surficial soil samples are

not derived from the sludge material.

Soil samples that contain concentrations of PAHs exceeding USEPA Industrial
RBCs are located in areas where runoff collects or drainage from areas upgradient of
SWMU 24 occurs. Soil location 24-SL0003 is adjacent to a drainage ditch located along
the north side of Summit Street (Figure 3-1). Soil location 24-S1.0014 is located near a
low area where standing water was observed during sampling. Soil location 24-SL0011
is located east of the storm water runoff sewer (SWMU 23). The distribution of PAHs
which exceed USEPA Industrial RBCs, except for 24-SL0011, suggests the presence of
the PAHs may be related to transport from sources upgradient of SWMU 24 and possibly
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offsite sources. Elevated PAH concentrations at soil sampling location 24-SL0011 may
be related to past waste management practices when plant wastes were discharged

directly to the polishing pond area prior to construction of the BTF in 1976.
4.2.4.2.3 Total Metals and Cyanide

Cyanide and 12 of the 13 PP metals were detected in surficial soil samples
collected from SWMU 24. The concentration of lead detected was below the USEPA
Residential RBC. Cyanide and all other detected metals except for arsenic and beryllium

were below USEPA Industrial RBCs for soil ingestion.

Arsenic concentrations ranged from 5.5 to 21 mg/kg and exceeded the USEPA
Industrial RBC of 3.8 mg/kg in all soil samples; however, detected arsenic concentration
were within the range of arsenic detected in background soil samples (1.9 to 21 mg/kg)
(Tables 4-1 and 4-9). Arsenic was not detected in TCLP sludge samples which suggests

it is not derived from the sludge material.

Beryllium was detected in 5 of the 16 soil samples collected at SWMU 24 and
concentrations ranged from 1.2 to 2.1 mg/kg (Table 4-9). Detected beryllium
concentrations exceeded the USEPA Industrial RBC of 1.3 mg/kg in soil samples
970617-LD-24-SL0005 (2.1 mg/kg), 970618-LD-24-SL0011 (1.4 mg/kg), and 970618-
LD-24-SL0016 (1.7 mg/kg); however, these concentrations were within thé observed

range of beryllium (0.44 to 2.6 mg/kg) in background soil samples (Table 4-1).
4.2.5 Summary

SWMU 24 is located east of the Opossum Valley and is underlain by the
Conasauga Formation. Measured dips of the Conasauga Formation range from 26° to 32°
to the southeast. The soil overburden at nearby piezometers and monitor wells consist

primarily of clay (CH to CL) and the soil thickness ranges from 6 to 22 feet.
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In the vicinity of SWMU 24, the observed water table elevations range from
517.61 to 535.14 1t amsl and the shallow groundwater flow direction is to the northeast
toward Five Mile Creek. Hydraulic conductivities calculated from slug tests conducted
on piezometers and monitor wells surrounding SWMU 24 range from 4 x 10® to 9 x 10”

cm/sec and calculated groundwater flow velocities range from 0.1 to 1000 ft/year.

Cyanide and 11 of the 13 PP metals were detected in sludge samples from SWMU
24. TCLP metals, barium, and cadmium, were detected in the sludge samples but were

below RCRA TC levels.

Acetone, sixteen PAHs, 12 of the 13 PP metals, and cyanide were detected in
surficial soil samples from SWMU 24. Benzo(a)anthracene, benzo(b)fluoranthene, and
indeno(1,2,3-cd)pyrene were detected above USEPA Industrial RBCs in one soil sample
and benzo(a)pyrene was detected above its RBC in several soil samples. PAHs were not
detected in sludge samples collected at SWMU 24. The absence of PAHs in the sludge
samples suggests that the PAHs detected in surficial soil samples are not derived from the
sludge material. The presence of PAHs in the soil may be a result of transport from
upgradient and possibly offsite sources or past waste management practices. Arsenic and
beryllium exceeded RBCs; however, the concentrations were within observed

concentration ranges in background soil samples.

4.2.6 Conclusions

Since concentrations of benzo(a)pyrene, benzo(a)anthracene, benzo(b)fluor-
anthene, indeno(1,2,3-cd)pyrene, arsenic, and beryllium detected at SWMU 24 exceeded
USEPA Industrial RBCs for soil ingestion, a risk evaluation is appropriate for this
SWMU.
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4.3 LANDFILL AND BLAST FURNACE EMISSION CONROL SLUDGE
WASTE PILE NEAR LANDFILL (SWMUS 38 AND 39)

4.3.1 Site Specific Geology

SWMUs 38 and 39 are located east of the Opossum Valley Fault mapped during
the FWI and are underlain by the Conasauga Formation. Measured dips range from 26°
to 32° to the southeast. The geology and structural features discussed below are depicted

on Figures 2-6, 2-7, and 4-2. The cross section locations are presented on Figure 2-2.

Monitor wells MW-26 through MW-36 were screened in a micritic limestone
interpreted to be within water-bearing portions of the Conasauga Formation, just east of
the Opossum Valley fault. At SWMUs 38 and 39, a high degree of fracturing was
observed in the vicinity of monitor wells MW-27, MW-29, MW-30S, MW-30D, MW-33
and MW-37. MW-35 appears to be screened within a relatively less permeable portion of
the upper Conasauga Formation and may indicate that little weathering and or fracturing
of the bedrock is present. Monitor well MW-26 and MW-34D are screened within less
permeable portions of the deep Conasauga Formation (> 140 ft bls). Monitor wells MW-
26, MW-34D, and MW-35 pumped dry during development and groundwater sampling.
After 24 hours, water levels in these wells did not recover and were significantly less than

the initial water levels measured in the wells prior to pumping.

The soil overburden consists primarily of clay (CH to CL) with areas of sandy and
gravely clay. Thickness of the soil overburden ranges from 0 to 38 feet. The soil
overburden is thickest in the near monitor well MW-27 and thinnest at MW-37.
Significant non-native material related to plant activities was present overlying soils or
almost directly on top of the bedrock surface at monitor wells MW-31, MW-32, MW-33,
MW-345, MW-34D, and MW-35 (Figure 4-2). Bedrock topography for the SWMU 38

and 39 area is presented in Figure 2-8.
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4.3.2 Site Specific Hydrogeology

Lithologic samples, geophysical surveys, water-level measurements, and the
results of the in-situ permeability testing were used to develop an understanding of the

hydrogeology at SWMUs 38 and 39.

4.3.2.1 Geophysics Evaluation

The FWI seismic survey report is presented in Appendix E of the RFI Facility-
Wide Report and the Geophysical Investigation Report which presents the results of the

conductivity and/or resistivity survey are presented in Appendix B of this report.
4.3.2.1.1 Facility-Wide Seismic Investigation

Perimeter seismic data collected during the FWI detected three velocity zones at
the site indicating differences in rock materials underlying the Sloss Facility. The three
velocities were interpreted to consist of the following: (1) residual soil, (2) the
weathered upper bedrock surface of the Conasauga Limestone, and (3) hard rock with

little secondary porosity.

Seismic spreads indicated that residual soil rests on an intermediate layer of
fractured and weathered bedrock which in turn rests on a high velocity bedroék west of
the LaFarge Quarry (S5, S6, S29, §35) (Figure 3-4). Residual soils at the northern end of
the main plant area, where SWMUs 38 and 39 are located, have more variable velocities,

generally ranging from 2000 ft/sec to over 4,000 ft/sec.
The intermediate layer or weathered limestone, where it exists, has a velocity

usually somewhat less than 6,000 ft/sec. The velocity of the intermediate layer is at the

lower end of the range of velocity observed in weathered limestone.
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The higher velocity layer (hard bedrock with little secondary porosity) in the
northern end of the main plant, where SWMUs 38 and 39 are located, show some
variation in bedrock velocity and often have velocities less than 8,000 ft/'sec. Two
spreads in the north end of the main plant area, centered about spreads S6 and S29 (near
monitor wells MW-34S, MW-34D, MW-35, MW-37 and MW-27), have higher velocities
exceeding 20,000 ft/sec and reflect the presence of unweathered and unfractured blocks

of bedrock.

The northern part of the main plant area, which includes SWMUs 38 and 39, has
variable high velocity bedrock depths generally over 20 feet. Bedrock in the north end of
the main plant area is generally deeper than in the rest of the site. The deeper areas are
seen on spreads S6, S34, and S35. Seismic data indicates variable weathering of the top
of the Conasauga Formation has occurred and often several feet of relief is developed

over tens of feet.
432.1.2 Conductivity/Resistivity. Survey

EM-31 conductivity and resistivity survey lines are shown on Figure 3-3 and the
Geophysical Investigation report is included as Appendix B. EM-31 readings were taken
every 5 feet around the northern, eastern, and southern perimeter of SWMUs 38 and 39
and penetrated approximately 20 ft bls. Shallow resistivity readings were collected along
the western perimeter of SWMU 38 with a 20 foot array length. Deep resistivity readings

were collected around the perimeter of SWMUSs 38 and 39 with a 100 foot array length.

Before any resistivity data was recorded two Schlumberg soundings (S1 and S2)
were conducted on the western and eastern side of SWMUs 38 and 39, respectively.
Results of the two soundings indicates bedrock is at 9.5 and 21 ft bls at S1 and S2,
respectively, and the overburden is more conductive than the limestone bedrock.
Furthermore, Schlumberg soundings confirm the general rock resistivity assumptions

used for evaluating the resistivity data.
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A total of four anomalous areas of high conductivity, labeled E, F, G, and H on
Figures 1 and 2 of Appendix B, were observed in the EM-31 and resistivity data.
Anomaly E, F, and H were observed in the EM-31 and resistivity data. Anomaly G was

only observed in the EM-31 data.

Anomalies E and F are broad features in the shallow and deep data. An
underground pipe connecting the storm water runoff sewer (SWMU 25) to the polishing
pond at the BTF is present in the vicinity of Anomaly E and may be the cause of higher
conductivities in this region. Higher conductivities at Anomaly E may also be the result
of increased overburden thickness in this area although drilling logs and seismic data

indicate the soil thickness is approximately constant or thinner in this area.

Review of historic aerial photos indicates Summit Road was realigned in the late
1970's over portions of SWMU 24 which 1s composed of sludge (flue dust) generated in
the former blast furace. Anomalies E and F are in the area formerly occupied by
SWMU 24 and higher conductivities in this area may be a result of the presence of minor
amounts of flue dust material beneath the road not removed during realignment of
Summit Road. Anomalies E and F are similar to Anomaly H which is believed to be due

to the presence of flue dust in this area.

Anomaly G is only present in the shallow data and coincides with the overhead
contact cooling water pipeline. Anomaly G is not considered to be an indicator of a

bedrock anomaly in this area.

Anomaly H is present in both the shallow and deep data and is thought to be due
to the presence of conductive sludge (flue dust) material in the subsurface at this location.
Flue dust was 6bserved at the surface in the vicinity of Anomaly H during the
geophysical field program. The geophysics survey line was located close to the waste

pile at the southern end of SWMU 39 in order to minimize the effect of overhead power
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lines present at this location and due to the presence of slag piles related to activities
conducted by Vulcan Materials. Vulcan Materials leases the property south of SWMU 39

from Sloss Industries.

4.3.2.2 Hydrogeology

In the vicinity of SWMUs 38 and 39, the observed groundwater elevations in the
upper Conasauga Formation range from 516.13 (MW-35) to 552.59 (MW-32) ft amsl
(Table 2-2 and Figure 2-9). The observed potentiometric surface elevations in the lower
Conasauga Formation range from 464.10 (MW-26) to 540.41 (MW-34D) ft amsl (Table
2-2 and Figure 2-10). The potentiometric surface elevations in the upper and lower
Conasauga Formation at monitor well couplet MW-34S and MW-34D are approximately
equivalent. However, the potentiometric surface elevation at monitor well MW-26 is
significantly less than the potentiometric surface elevation at nearby monitor well MW-
27 and indicates the upper and lower units are not hydraulically connected at all locations

throughout the site.

An upward vertical hydraulic gradient of 0.0010 ft/ft was present at monitor wells
MW-30S and MW-30D, screened in the upper Conasauga Formation, on August 17,
1997. An upward and downward hydraulic gradient of 0.0057 and 0.69 fv/ft was present
between the upper and lower Conasauga Formation at monitor wells pairs MW-34S/MW-
34D and MW-26/MW-27, on August 17, 1997, respectively. The change in hydraulic
gradients at monitor well pairs MW-34S/MW-34D and MW-26/MW-27 may be a result
of complex recharge/discharge relationships caused by ongoing mining activities at the

Southern Ready Mix Quarry located approximately % mile northeast of Sloss Industries.

The groundwater flow direction in the upper Conasauga Formation is to the
northeast toward Five Mile Creek (Figure 2-9). In the SWMU 38 and 39 area, the
groundwater flow direction in the lower Conasauga Formation appears to be to the south

{Figure 2-10).
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Hydraulic conductivities calculated from slug tests performed in the upper portion
of the Conasauga Formation surrounding SWMUs 38 and 39 range from 4 x 10® cm/sec
(MW-35)to 7 x 107 cm/sec (MW-29). Hydraulic conductivities at SWMUs 38 and 39 in
the lower, less permeable portions of the Conasauga Formation range from 1 x 107t0 2 x
107 cmv/sec at MW-34D. The average hydraulic gradient in the vicinity of SWMUs 38
and 39 is 0.025 ft/ft. This average hydraulic gradient was used to calculate groundwater
flow velocities using an assumed porosity of 0.20 for upper Conasauga Formation
materials. For monitor well MW-35, screened within the upper Conasauga Formation, a
porosity of 0.01 was used since well recovery was similar to wells screened within the
lower Conasauga Formation. Calculated groundwater flow velocities in the upper
Conasauga Formation range at SWMUSs 38 and 39 from 0.3 ft/year (MW-35) to 9000
ft/year (MW-29). Calculated groundwater flow velocities in the lower Conasauga
Formation, which were calculated using the same gradient as in the upper Conasauga

Formation and a porosity of 0.01, range from 0.3 to 0.6 ft/year at MW-34D.

4.3.3 SWMU 39 Sludge Sampling

Seven (7) sludge samples (including 1 duplicate sample) were collected from six
locations at SWMU 39. Four of the six samples were analyzed for VOCs, SVOCs, PP

metals, barium, cyanide, and TCLP constituents (Table 3-2 and Figure 3-3).

4.3.3.1 Sludge Description
Sludge samples collected from SWMU 39 were dusky brown in color and were

composed of silt to fine grained sand sized material (Appendix A.2). All sludge samples

from SWMU 39 were dry and had no odor.
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4.3.3.2 Chemical Characteristics

4.3.3.2.1 Total Volatile Organic Compounds

VOCs were not detected in sludge samples collected from SWMU 24 (Table 4-
10).

4.3.3.2.2 Total Semivolatile Organic Compounds

One SVOC, benzo(k)fluoranthene, was detected in sludge sample 970619-LD-39-
SMO0006 at a concentration of 30 ug/kg (Table 4-10).

4.3.3.2.3 Total Metals and Cyanide

Cyanide and 10 of the 13 PP metals were detected in sludge samples collected

from SWMU 39 (Table 4-10).
4.3.3.2.4 TCLP Analyses

TCLP VOCs, SVOCs, organochlorine pesticides, and chlorinated herbicides were
not detected in sludge samples (Table 4-11). TCLP metals, barium, and cadmium, were
detected in the sludge samples collected at SWMU 39 (Table 4-11). Barium was detected
in three of the four samples and concentrations ranged from 0.91 to 2.8 mg/L. These
concentrations were well below the RCRA TC level of 100 mg/L.. Cadmium was
detected in sludge sample 970616-LD-39-SM0002 at a concentration of 0.036 mg/L
which was below the RCRA TC level of 1 mg/L.
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4.3.4 Subsurface Soil Sampling

Twenty-one (21) subsurface soil samples {including two duplicate sample) were
collected at ten (10) locations monitor well locations around the perimeter of SWMUs 38
and 39 and analyzed for VOCs, SVOCs, PP metals, barium, and cyanide (Table 3-3 and
Figure 3-3).

4.3.4.1 Soil Description

Soils from SWMU 38 were composed primarily of pale yellowish brown to
moderate reddish brown, stiff to plastic clay (CL to CH) with some dusky red mottling,
iron concretions, and minor amounts of micritic lirr;estone fragments (Appendix A.3).
Soils from SWMU 39 were composed primarily of light brown to pale olive, stiff to
plastic clay (CL to CH) with minor amounts of rounded pebbles and micritic limestone
fragments.  Saturated soil conditions were not encountered until directly above the
bedrock surface. No odor was detected in soil samples and OVM readings were below

detection limits in all samples.

4.3.4.2 Chemical Characteristics

4.3.4.2.1 Total Volatile Organic Compounds

Toluene was detected in soil sample 970804-L.D-38-S1.9026 (duplicate of
970804-L.D-38-SL0026(10-12) at 8 ug/kg (Table 4-12). The concentration of toluene
detected was below the USEPA Industrial RBC of 410,000,000 ug/kg. In the remaining
samples collected from SWMUs 38 and 39, VOCs were not detected (Table 4-12).

ARCADIS GERAGHTY&MILLER



4.3.4.22 Total Semivolatile Organic Compounds

SVOCs were not detected in subsurface soil samples collected from SWMUs 38
and 39 (Table 4-12).

4.3.4.2.3 Total Metals and Cyanide

Cyanide and 10 of the 13 PP metals were detected in soil samples collected from
SWMUs 38 and 39 (Table 4-12). Detected lead concentrations were below the USEPA
Residential RBC and detected antimony, barium, chromium, copper, lead, nickel, silver,

zine, and cyanide concentrations were below USEPA Industrial RBCs.

Arsenic was detected above the USEPA Industrial RBC of 3.8 mg/kg in soil
samples 970805-LD-38-SL0027(11-13), 970807-LD-38-S1.0030(9-11), 970807-LD-38-
SL0030(17-19), 970808-LD-39-SL0033(11-13), 970805-LD-39-SL.0034(10-12), 970804-
LD-39-SL00036(5-7), and 970804-LD-3 9-SL.0036(10-12) at concentrations ranging from
4.1 to 5.2 mg/kg. All concentrations of arsenic which exceeded the USEPA Industrial
RBC were within the range observed in background soil samples (1.9 to 21 mg/kg)
collected as part of the FWI (Table 4-1). The presence of arsenic in the background soil
samples and the fact that arsenic was not detected in TCLP sludge samples collected at
SWMU 39 suggests arsenic in the soil at SWMU 39 is not derived from the sludge

material.

Beryllium was detected above the USEPA Industrial RBC of 1.3 mg/kg in soil
samples 970804-LD-38-SL0026(10-12), 970804-LD-38-S1.9026 (duplicate of 970804-
LD-38-SL0026{10-12]), and 970807-LD-38-SL0029(19-21) at 1.9, 1.6, and 2.8 mg/kg,
respectively. Beryllium concentrations which exceeded the USEPA Industrial RBC were
within the range observed in background soil samples (0.44 to 2.6 mg/kg) collected as

part of the FWI (Table 4-1).
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4.3.5 Groundwater Quality

Fifteen (15) groundwater samples (including one duplicate sample) were collected
at SWMUs 38 and 39 from monitor wells MW-26, MW-27, MW-28, MW-29, MW-30S,
MW-30D, MW-31, MW-32, MW-33, MW-34S, MW-34D, MW-35, MW-36, and MW-
37. The groundwater samples were analyzed for VOCs, SVOCs, PP metals, barium, and
cyanide (Figure 3-3). Field analyses conducted during groundwater sampling are

summarized on Table 3-4.

4.3.5.1 Volatile Organic Compounds

VOCs including acetone, benzene, toluene, trichloroethene, and Xxylenes were
detected in groundwater samples collected from SWMUs 38 and 39 (Table 4-13).
Detected toluene, trichloroethene, and xylene concentrations were below USEPA MCLs

and acetone was below the USEPA RBC for tap water.

Benzene was detected above the USEPA MCL of 5 ug/L in groundwater samples
970821-LD-38-GW0026 (13 ug/L} and 970831-LD-39-GW0034D (6 ug/L) collected
from the deep Conasauga Formation (Table 4-13). Benzene was not detected in sludge or

soil samples collected at SWMUSs 38 and 39.

4.3.5.2 Semivolatile Organic Compounds

SVOCs were not detected in groundwater samples collected from SWMUs 38 and
39 (Table 4-13).
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4.3.5.3 Metals and Cyanide

Cyanide and PP metals including barium, chromium, copper, zinc, lead, and silver
were detected in groundwater samples collected from SWMUs 38 and 39 (Table 4-13).

Detected barium, chromium, copper, and zinc concentrations were below USEPA MCLs.

Lead was detected above the USEPA MCL of 0.015 mg/L in groundwater sample
970821-LD-39-GW0034D (0.04 mg/L) (Table 4-13). This elevated concentration’of lead
may be attributed to suspended sediment in the well since the water was slightly turbid.
Silver was detected above the USEPA MCL of 0.1 mg/L in groundwater sample 970821-
LD-39-GW0036 (0.24 mg/L) (Table 4-12).

Cyanide was detected in six of the eight groundwater samples collected at SWMU
39 but concentrations only exceeded the USEPA MCL of 0.2 mg/L in two of the six
groundwater sampling locations, The USEPA MCL for cyanide was exceeded in
groundwater samples 970821-LD-39-GW0032 (0.38 mg/L), 970820-LD-39-0034S (0.21
mg/L), and 970820-LD-39-9034S (ciuplicate of 970820-LD-39-0034S) (0.22 mg/L)
which are located in the vicinity of the southern portion of SWMU 39. Cyanide was not

detected in monitor wells installed around the perimeter of SWMU 38,

4.3.6 Summary

SWMUs 38 and 39 are located east of the Opossum Valley Fault mapped during
the FWI and are underlain by the Conasauga Formation. Measured dips range from 26°
to 32° to the southeast. The soil overburden ranges from 0 to 38 ft thick and consists
primarily of clay (CH to CL) with areas of sandy and gravely clay; however, significant
non-native material related to plant activities was present overlying soils or almost

directly on top of the bedrock surface at monitor wells in the area of SWMU 39,
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Perimeter seismic data collected during the FWI detected three velocity zones at
the site indicating differences in rock materials underlying the Sloss Facility and in the
SWMU 38 and 39 area. The three velocities were interpreted to consist of the following:
(1) residual soil, (2) the weathered upper bedrock surface of the Conasauga Limestone,
and (3) hard rock with little secondary porosity. Bedrock in the north end of the main
plant area in the SWMU 38 and 39 area is generally deeper than in the rest of the site.
Seismic data indicates variable weathering of the top of the Conasauga Formation has

occurred and often several feet of relief is developed over tens of feet.

A total of four anomalous areas of high conductivity, labeled E, F, G, and H were
observed in the EM-31 and resistivity data. Anomalies E and F are in the area formerly
occupied by SWMU 24 and higher conductivities in this area may be a result of the
presence of minor amounts of flue dust material beneath the road not removed during
realignment of Summit Road. Anomaly G is only present in the shallow data and
coincides with the overhead contact cooling water pipeline. Anomaly H is present in
both the shallow and deep data and is thought to be due to the presence of conductive

sludge (flue dust) material in the subsurface at this location.

In the vicinity of SWMUs 38 and 39, the observed groundwater elevations in the
upper Conasauga Formation range from 516.13 to 552.59 ft amsl and the groundwater
flow direction 1s to the northeast toward Five Mile Creek. Hydraulic conductivities
calculated from slug tests performed in the upper portion of the Conasauga Formation

range from 4 x 10* to 7 x 107 cm/sec and calculated groundwater flow velocities range

from 0.1 to 9000 ft/vear.

The observed potentiometric surface elevations in the lower Conasauga Formation
range from 516.13 to 552.59 ft amsl and the groundwater flow direction appears to be to
the south. Hydraulic conductivities at SWMUs 38 and 39 in the lower, less permeable
portions of the Conasauga Formation range from 1 x 107 to 2 x 107 cm/sec at MW-34D

and calculated groundwater flow range from 0.3 to 0.6 ft/year at MW-34D.
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One SVOC, benzo(k)fluoranthene, 10 of the 13 PP metals, and cyanide were
detected in sludge samples collected from SWMU 39. Barium and cadmium were

detected in TCLP sludge samples but concentrations were below RCRA TC levels.

One VOC, toluene, 10 of the 13 PP metals, and cyanide were detected in
subsurface soil samples collected from SWMUs 38 and 39. Detected toluene and PP
metals, except arsenic and beryllium, and cyanide concentrations were below USEPA
Industrial RBCs in all samples. Arsenic and beryllium were detected above USEPA
Industrial RBCs; however, concentrations were within the range observed in background
soil samples. The presence of arsenic in the background samples and the fact that arsenic
was not detected in TCLP sludge samples collected from SWMU 39 suggests the arsenic

in subsurface soils at SWMU 39 is not derived from the sludge.

Five VOCs, six PP metals, and cyanide were detected in groundwater samples
collected at SWMUs 38 and 39." Benzene and lead were above USEPA MCLs in
groundwater samples collected in the deep water-bearing zone of the Conasauga
Formation. Silver exceeded the USEPA MCL in one monitor well in the upper
Conasauga. Cyanide was detected in six of the eight groundwater samples collected at

SWMU 39; however, cyanide was not detected in groundwater samples collected from

SWMU 38.

4.3.7 Conclusions
Since detected concentrations of arsenic and beryllium in subsurface soils and

benzene, lead, silver, cyanide in groundwater at SWMUSs 38 and 39 exceeded RBCs for

surficial soil and USEPA MClLs, a risk evaluation is appropriate for this SWMU.
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5.0 BASELINE RISK ASSESSMENT

A baseline risk assessment was conducted for the Land Disposal Areas foilowing
USEPA Region IV Guidance (USEPA, 1996a). Four SWMUs (SMWUs 23, 24, 38, and
39) were included in the evaluation of the Land Disposal Areas. The purpose of a
baseline risk assessment is to determine the potential risk to human health and the
environment posed by chemical constituents detected at the site. The analytical data

presented in Section 4 of this report were used to conduct the risk assessment.
5.1 DATA ANALYSIS

Constituents of potential concern (COCs) wére selected according to USEPA
(1996a) criteria by comparison of maximum concentrations to risk-based screening levels
and to twice background concentrations. Background data for soil were presented in
Table 2-1. The USEPA Region III RBCs (1997a) used for screening were obtained
directly from the table for carcinégens and adjusted to a level equivalent to a hazard

quotient (HQ) of 0.1 for non-carcinogens (USEPA, 1996a).

Soil, sludge, and groundwater samples were collected from the four SWMUs
associated with the Land Disposal Areas. The analytical data were evaluated following
the guidelines provided by the USEPA (1989b; 1996a) for use in the risk assessment as

described below:

¢ All constituents never detected in the samples were eliminated from further
analysis for that group.
» For non-detects, one-half the sample quantitation limit (SQL) was used as a

surrogate concentration (rather than using zero or eliminating the data point).

The results of the statistical analyses are presented in the constituent occurrence

tables for the four SWMUs. The data were divided based on geographical location as
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seen in Figure 1-2 with SWMUs 23 and 24 evaluated individually and SWMUs 38 and 39
evaluated together. The information in the constituent occurrence tables (Tables 5-1
through 5-8) includes, for each detected constituent, the frequency of detection (ratio of
the number of detections to the total number of samples in that group), the range of SQLs
used to calculate surrogate concentrations for non-detections in the statistical
calculations, the range of detected values, the average detection, the arithmetic mean
(using surrogate concentrations for non-detections) assuming a log-normal distribution,
the 95 percent upper confidence level (UCL) on the mean, and the exposure point
concentration (EPC). Tables 5-1 and 5-2 summarize the data collected for subsurface soil
and sludge at SWMU 23, respectively. At SWMU 24, surficial soil and sludge data were
collected and are summarized in Tables 5-3 and 5-4, respectively. Subsurface soil data
for SWMUs 38 and 39 are summarized in Table 5-5, while sludge data for SWMU 39 are
provided in Table 5-6. Groundwater data are summarized in Tables 5-7 and 5-8 for
SWMU 23 and SWMUSs 38 and 39, respectively. Groundwater data were not available
for SWMU 24.

5.1.1 Soil/Sludge

Constituents detected in soil and sludge were divided into chemical classes of
PAHs, VOCs, SVOCs, and inorganics. The PAHs were divided further into carcinogenic
and non-carcinogenic classes. To identify the COCs, the maximum detected
concentration of each constituent in the surficial soil and sludge samples was Cdmpared to
residential screening values for soil ingestion determined at a cancer risk level of 10% or a
hazard quotient (HQ) of 0.1 following USEPA (1996a) guidelines. Maximum
concentrations in subsurface soil samples were compared to industrial screening values
for soil ingestion at the same 10® and 0.1 risk levels. Those constituents that exceeded
the residential screening values or industrial screening values were identified as COCs.
Additionally, if one compound in any chemical class (except for inorganics) exceeded the
screening levels and was 1dentified as a COC, all compounds in that chemical class

became COCs. For example, if chrysene, a potentially carcinogenic PAH, were detected
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below its RBC, it would still be included as a COC if other potentially carcinogenic
PAHSs were detected above their RBCs. Table 5-9 presents the results of the selection of
COCs for subsurface soils for SWMU 23, and arsenic was identified as the only COC.
The COCs for sludge for SWMU 23 are presented in Table 5-10 and include carcinogenic

PAHs and five inorganics.

The surficial soil and sludge COCs for SWMU 24 are identified in Tables 5-11
and 5-12, respectively. The carcinogenic PAHs and four inorganics (antimony,
beryllium, cadmium, and chromium) were selected as COCs. The sludge COCs included

the four surficial soil inorganics as well as lead and zinc.

Only one constituent (beryliium) was identified for the subsurface soil at SWMUs
38 and 39, as seen in Table 5-13. Table 5-14 summarizes the criteria for COC selection
for the sludge for SWMUSs 38 and 39. The COCs selected are antimony, beryllium,

cadmium, and zinc. The list of COCs by SWMU for each medium is presented in Table
5-15. |

5.1.2 Groundwater

VOCs and inorganics were detected in the groundwater. Groundwater is not a
medium of concern since it is not used as a potable water supply. Therefore, COCs were

not selected for groundwater.
5.2 TOXICITY ASSESSMENT

This section discusses the two general categories of toxicity values (non-
carcinogenic and carcinogenic) used to evaluate risk. Toxicity values for non-
carcinogenic and’carcinogenic effects were obtained from the USEPA's Integrated Risk
Information System (IRIS) (1997) and USEPA's Health Effects Assessment Summary
Tables (HEAST) (USEPA, 1997b).
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5.2.1 Non-Carcinogens

The reference dose (RfD) is an estimate of a daily exposure level that is unlikely
to cause non-carcinogenic health effects. Thus, exposure levels below the RID are
unlikely to produce toxic effects in even sensitive subpopulations. Chronic RfDs are
ﬁsed to assess long-term exposures ranging from 7 years to a lifetime; subchronic RfDs
evaluate the potential of adverse health effects associated with exposure to chemicals
during a period of 2 weeks to 7 years. RfDs are derived by the USEPA by dividing the
no observed adverse effect levels (NOAELSs) or lowest observed adverse effect levels
(LOAELs) by uncertainty factors typically ranging from 10 to 10,000 depending on the

suitability and quality of the available data.

RfDs that are approved by the USEPA are called verified reference doses for oral
exposure (RfD s) and reference concentrations (RfCs) for inhalation exposure. Table 5-16
presents the RfDs and RfCs used:in this risk assessment. Target sites affected by each
constituent are shown in the table for both inhalation and oral exposures. The confidence
level and uncertainty factors associated with the toxicity values also are listed. The
uncertainty factor represents a specific area of uncertainty inherent in the extrapolation
from the available data. The confidence levels (low, medium, and high) assess the degree

of confidence the USEPA has in the database used to develop the toxicity value.

Toxicity values for dermal exposure are not available (appropriate toxicity data
are scarce); therefore, the oral RfDs are adjusted to an absorbed dose, using the
constituent-specific oral absorption efficiency, as recommended by the USEPA (1989b).
This correction is necessary due to the differences in absorption between the skin and the
gastrointestinal (GI) tract. In calculating a dermal RfD from an oral RfD, the oral RfD is

multiplied by the oral absorption efficiency.
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5.2.2 Carcinogens

Constituents are classified as known, probable, or possible human carcinogens
based on the USEPA weight-of-evidence scheme in which chemicals are systematically
evaluated for their ability to cause cancer in humans or laboratory animals. The USEPA
classification scheme (USEPA, 1989b) contains six classes (five if Bl and B2 are
classified together under the heading of Class B), based on the weight of available

evidence, as follows:

A Known human carcinogen;
B1 Probable human carcinogen -- limited evidence in humans;
B2 Probable human carcinogen -- sufficient evidence in animals and

inadequate data in humans;
C Possible human carcinogen -- limited evidence in animals;
Inadequate evidence to classify; and

E Evidence of non-carcinogenicity.

Constituents in Classes A, Bl, B2, and C generally are included in risk
assessments as potential human carcinogens, however, Class C carcinogens may be
evaluated on a case-by-case basis (USEPA, 1989b). In this risk assessment, the Class C

carcinogens were evaluated with the Class A and B carcinogens.

The USEPA currently uses the linearized multistage model for extrapolating
cancer risk from high doses associated with occupational exposure or laboratory animal
studies to low doses typically associated with environmental exposures. The model
provides a 95 percent upperbound estimate of cancer incidence at a given dose. The
slope of the extrapolated curve, called the cancer slope factor (CSF), is used to calculate
the probability of cancer associated with the exposure dose. Inhalation exposures are

evaluated using the unit risk factor (UR)).
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CSFs are derived from the assumption that any dose level has a probability of
causing cancer. The cumulative dose, regardless of the exposure period, determines the
risk; therefore, separate CSFs are not derived for subchronic and chronic exposure
periods. Table 5-17 presents the CSFs and UR;s used in this report. Target sites affected
by the COCs and the USEPA cancer classifications of the COCs are shown. The oral
CSF is adjusted to evaluate dermal exposures (Table 5-17). This is done by dividing the
oral CSF by the oral absorption efficiency. The oral and dermal absorption efficiencies

are shown in Table 5-18, and the adjusted values are shown in Table 5-19.

5.2.3 Toxic Effects Summary

Toxicity values for the COCs were identified in the previous section. COCs
include seven carcinogenic PAHs, antimony, arsenic. beryllium, cadmium, chromium,
lead, mercury, nickel, selenium, and zinc. This section presents a brief summary of the

known toxic effects of the COCs-and the basis for their toxicity values.

Most of the toxicity data derived from humans come from occupational,
accidental, or intentional exposures. Epidemiological studies of human populations
which are adequate to derive toxicity values are limited to a few chemicals. In most
epidemiological studies, it is difficult to determine the exposure conditions (i.e.,
concentrations, frequency, duration, etc.); the number of exposed individuals 1s small; the
incidence of the effect is small; and exposure to multiple chemicals may havé occurred.
Therefore, data derived from laboratory animal studies frequently are used to extrapolate
potential risks to humans. Although reliance on laboratory animal studies increases the
uncertainty associated with risk estimates, modern toxicology is built on the premise that
the toxic effects of chemical agents are similar for laboratory animals and humans. The
weight of evidence increases when similar results are observed in both sexes, more than
one species of laboratory animal, across vartous routes of exposure, and case reports from

human €Xposures.
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5.2.3.1 PAHs

PAHSs are found throughout the environment from both natural and anthropogenic
(man-made) sources. These compounds are closely related chemically and have similar
toxic effects; however, not all of the PAHs are thought to be carcinogenic.
Benzo{a)pyrene is the only carcinogenic PAH for which the USEPA has developed a
CSF. The current recommendation from USEPA is to estimate risk for other PAHs based
on structure-activity relationships relative to benzo(a)pyrene. The risk estimates are
conducted by converting the CSF and UR, for benzo(a)pyrene by a toxicity equivalency
factory (TEF). Although several epidemiological studies have linked human exposure to
mixtures of PAHs containing benzo(a)pyrene to lung cancer, the studies are not sufficient
to determine that benzo(a)pyrene or any other PAH is responsible. Numerous animal
studies have been conducted to investigate the carcinogenicity of benzo(a)pyrene. These
include 1inhalation, dietary, gavage, dermal, and other studies involving guinea pigs,
hamsters, rats, mice, and several primates. Tumors generally are produced at the site of
administration; however, tumors art distant sites have been reported. The most common
tumor sites include the stomach, lungs, and skin. The current oral CSF of 7.3 kilogram-
day per milligram (kg-day/mg) is based on the geometric mean of slope factors derived
from four studies (IRIS, 1997). USEPA Region IV (1996a) provided a UR, of 0.88

milligrams per cubic meter (mg/m’)".

An RfD has not been derived for the carcinogenic PAHs. However, thé RfD for
pyrene 1s used as a surrogate. Reported noncarcinogenic effects of PAHs in laboratory
animals include dermatitis, skin sensitization to sunlight, immunosuppression,
reproductive and developmental effects, liver, kidney, and gastrointestinal tract at
concentrations ranging from 10 milligrams per kilogram per day (mg/kg/day) to more
than 100 mg/kg/day (Agency for Toxic Substances and Disease Registry [ATSDR],
1989).
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5.2.3.2 Antimeny

Antimony production has been associated with an increase in lung cancer among
exposed workers (NIOSH, 1978), and one inhalation study in rats also indicated that
antimony tiroxide might produce lung and liver tumors (ACGIH, 1980; USEPA, 1980).
Several studies in bacterial test systems report that various antimony compounds,
including antimony trioxide, antimony trichloride, and antimony pentachloride, may be
mutagenic. Reports of effects on reproduction are limited. Among the effects on
reproduction reported for humans is impairment of the female reproductive system.
Female workers exposed to metallic antimony dust, antimony trioxide, and antimony
pentoxide had an increased incidence of gynecological disorders and late spontaneous
abortions. Antimony was found in the breast milk, placental tissue, amniotic fluid, and
blood of the umbilical cord in exposed workers. Decreased weight gain was observed in
children bomn of workers exposed to antimony. The same paper reports a study in which
intraperitoneal administration of antimony produced changes in rats that support the

findings of human reproductive effects.

Cardiovascular changes associated with exposure to antimony represent a serious
health effect. Exposure to either trivalent or pentavalent antimonial compounds can
produce electrocardiogram (ECG) changes in humans. Histopathological evidence of
cardiac edema, myocardial fibrosis, and other signs of myocardial structural damage
indicates that antimony may produce even more severe, possibly permanent, r.nyocardial
damage in humans. Parallel findings of functional changes in ECG patterns and of
histopathological evidence of myocardial structural damage have also been obtained in
animal toxicity studies. Pneumoconiosis in response to inhalation exposure and
dermatitis in response to skin exposure also may have been observed among individuals

exposed to antimony or its compounds.

USEPA (IRIS, 1997} calculated an RfD of 0.0004 mg/kg/day based on a study

showing altered blood chemistry in rats orally dosed with antimony.
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5.2.3.3 Arsenic

Arsenic is a naturally-occurring element and may be found in soil, water, food,
and air. Normal, or background, exposure from these sources is estimated at about 50
micrograms per day (ug/day). Food is the largest background source under most
circumstances. Ingestion of as little as 50 milligrams (mg) to 300 mg can be fatal to
humans. Lower levels have caused gastrointestinal distress (nausea, Vomitirig, and
diarrhea). loss of appetite, hair and weight loss, and irritation of mucous membranes.
Long-term exposure to arsenic is known to cause damage to the nervous system, blood
vessels, and skin. Arsenic is known to be a human carcinogen. Cancer of the skin, lungs,
liver, kidney, and bladder have been associated with human exposures to arsenic.
Arsenic has not been shown to be carcinogenic in laboratory animals. An oral RfD, oral
CSF, and UR, have been developed by USEPA (IRIS, 1997). All of the toxicity values

were based on human epidemiological studies.

The oral RfD was developed from a study of Taiwanese populations exposed to
naturally-occurring arsenic in water-supply wells. The mean concentration of arsenic In
the low-dose group was 9 ug/L and was identified as the NOAEL. The mean arsenic
concentration in the LOAEL group was 170 pg/l.. The most sensitive effects included
darkening of the skin, thickening of the skin of the palms and soles, and the appearance of
"corns" or "warts" on the hands, feet, and body. In extreme cases, blood veséel damage
may lead to gangrene of the feet (called blackfoot disease). Based on an assumed water
consumption rate of 4.5 liters per day (L/day), background exposure to 0.002 mg of
arsenic per day in food, and an average body weight of 55 kilograms (kg), the arsenic
concentration in the NOAEL group was converted to 0.0008 mg/kg/day and divided by
an uncertainty factor of 3 to derive the RfD of 0.0003 mg/kg/day. The uncertainty factor
was selected to account for the lack of data on reproductive effects and to account for
individuals who may be more sensitive than those included in the study. Overall, the

USEPA has assigned a medium confidence level to the RfD. Although more than 40,000
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people were included in the study. exposures were not well characterized and other

contaminants were present.

The CSF for arsenic was based on the same epidemiological studies as the RfD.
and skin cancer was the tumor type evaluated. The UR, was derived from
epidemiological studies of smelter workers which showed a statistically increased

incidence of lung cancer in these workers.

5.2.3.4 Beryllium

The lung and skin are the primary organs affected by beryllium exposure. Contact
with the skin can cause rashes and nodules to develop in people who are allergic to
beryllium. If beryllium gets embedded under the skin, an ulcer can develop. However, it
is unlikely that beryllium is absorbed through the skin (ATSDR, 1997). Inhalation of
soluble beryllium compounds at concentrations greater than 0.1 mg/m’ can result in a
severe and immediate inflammation of the entire respiratory tract, including the nasal
passages, pharynx, and lungs. Recovery generally is complete within a few weeks or
months. Long-term exposure to beryllium compounds, particularly beryllium oxide, can
result in a chronic granulomatous pulmonary disease called berylliosis. Symptoms
include shortness of breath and. in severe cases, clubbing of the fingers. Pulmonary
fibrosis develops as the disease progresses, leading to breathing difficuities. Inhalation of
beryllium compounds has caused lung cancer in rats and monkeys. UR, wés derived
based on epidemiological study despite some limitations to the study (IRIS, 1997). Risk

estimates were derived based on a range of estimated exposure times and concentrations.

Toxic effects in humans from ingesting beryllium have not been reported,
probably since very little beryllium is absorbed from the gastrointestinal tract. Toxicity
of ingested beryllium in laboratory animals is limited. Rats fed diets containing from 10
to 240 mg/kg/day of beryllium carbonate developed rickets (ATSDR, 1991). An oral

CSF was developed from a drinking-water study using rats. Although the study did not
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show a statistically significant increase in tumors, it was used because it was the only
study available that used an oral exposure route. Oral CSFs derived by extrapolation
from inhalation or intravenous exposure routes reportedly are within an order of

magnitude (IRIS, 1997).

5.2.3.5 Cadmium

Cadmium bioaccumulates in humans, particularly in the kidney and liver
(USEPA. 1985). Chronic oral or inhalation exposure of humans to cadmium has been
associated with renal dysfunction, itai-ital disease (bone damage), hypertension, anemia,
endocrine alterations, and immunosuppression. Renal toxicity occurs in humans at a
renal cortex concentration of cadmium of 200 micrograms per gram (ug/g) (USEPA,
1985). In experimental animals, cadmium induces injection-site sarcomas and testicular
tumors. When administered by inhalation, cadmium chloride 1s a potent pulmonary

carcinogen in rats. Cadmium is a well documented animal teratogen (USEPA, 1985).

USEPA (IRIS, 1997) has classified cadmium as a Bl agent (probable human
carcinogen). This classification applies to agents for which there is limited evidence of
carcinogenicity in humans from epidemiologic studies. UR, of 0.0018 cubic meters per
microgram (m’/ug) has been derived from cadmium based on epidemiologic studies.
Using renal toxicity as an endpoint, an RfD of 1 x 10 mg/kg/day has been derived (IRIS,

1997) for exposures to cadmium in soil.
5.2.3.6 Chromium

The toxicity of chromium depends on the valence state of the compound.
Hexavalent chromium is more toxic than trivalent chromium, which is an essential
nutrient for fat and sugar metabolism. Ingestion of large amounts of hexavalent
chromium salts can damage the digestive tract, kidneys, and liver. Occupational

exposure to hexavalent chromium has been associated with lung cancer, skin ulceration,
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allergic dermatitis, and anemia. Laboratory studies also indicate that hexavalent
chromium is mutagenic. Trivalent chromium does not cause these effects. As a
conservative measure, all chromium s assumed to be hexavalent in this risk assessment.

Toxicity values discussed below apply to hexavalent chromium.

The RfD was derived from a 1-year drinking study in rats. The NOAEL was 2.4
mg/kg/day (derived from a concentration of 25 mg/L of potassium chromate in drinking
water). No concentrations higher than 25 mg/L were given; therefore, a LOAEL was not
identified. An uncertainty factor of 500 was used to derive the RfD of 0.005 mg/kg/day.
Factors of 10 were used to compensate for interhuman and interspecies variability in
sensitivity, and a factor of 5 was used to compensate for less than lifetime exposure.
Confidence in the RfD was rated as low because of the small number of animals used in
the study, small number of parameters measured, failure to identify a LOAEL, poor
quality of supporting studies, and insufficient data for teratogenic or reproductive

endpoints.

Inhalation of hexavalent chromium compounds may cause lung cancer; however,
ingested hexavalent chromium is not considered to be carcinogenic. The inhalation unit
risk factor of 1.2 x 107 m’/ug was derived from occupational epidemiological studies.
Dose-response relationships for chromium exposure and lung cancer have been consistent

across several studies (IRIS, 1997).
5.2.3.7 Lead

Lead 1s known to cause many toxic effects depending on the exposure
circumstances. The principal toxic effects include damage to the nervous system, blood-
forming system, kidneys, and reproductive system. Some lead compounds have caused
kidney cancer in rats and mice; however, data are insufficient to determine if lead causes
cancer in humans. The fetus and young children are particularly susceptible to lead

because of greater absorption and sensitivity of the developing nervous system. Lead
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exposure can cause decreased mental ability, premature birth, and reduced growth rates in

children. For adults, an increase in blood pressure is one of the most sensitive effects.

Risk assessment for lead does not rely on the standard toxicity values (RfDs and
CSFs); instead, the USEPA (1996b) has developed various models which are used to
predict levels of lead in the blood following various exposures. These models were
designed to protect the fetus and young children as the most sensitive receptors. Current
data indicate that children may be affected by lead at blood lead levels of 10 micrograms
per deciliter (ug/dL) of blood or lower, which, historically, is below average
"background" levels in the general population. Severe brain damage, anemia, and kidney
damage can occur when blood lead levels exceed 80 ug/dL in children or 80 to 100 ug/dL
in adults (Gover, 1991). Damage to the periphéral nervous system can occur at
concentrations of 40 ug/dL, and concentrations greater than 30 ug/dL may permanently
lower intelligence quotient (I1.Q.) scores of children. The nervous system of the

developing fetus may be damaged at concentrations in the 10 to 15 ug/dL range.
5.2.3.8 Mercury

In humans, elemental and inorganic mercury are absorbed following inhalation
exposure but are poorly absorbed following oral exposure (ATSDR, 1997). Occupational
exposure of workers to elemental mercury vapors (0.1 to 0.2 mg/m®) has been associated
with mental disturbances, tremors, and gingivitis (ATSDR, 1997). The centr;al nervous
system is a major target for organic mercury compounds. Adverse effects in humans
from exposure to organic mercury compounds have included destruction of cortical
cerebral neurons, damage to Purkinje cells, and lesions of the cerebellum. Clinical
symptoms following exposure to organic mercury compounds have included paresthesia,
loss of sensation in extremities, ataxia, and hearing and visual impairment (World Health
Organization {WHO], 1976). A primary target organ for inorganic compounds is the
kidney. Human exposure to inorganic mercury compounds has been associated with

anuria, polyuria, proteinuria, and renal lesions (Hammond and Beliles, 1980).
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Embryotoxic and teratogenic effects. including malformations of the skeletal and
genitourinary systems, have been observed in animals exposed to organic mercury
(ATSDR, 1997). Both organic and ihorganic compounds are reported to be genotoxic in

eukaryotic systems (Leonard et al., 1984).

USEPA has categorized mercury as a Class D agent. This classification applies to
those agents for which there is inadequate evidence of carcinogenicity in animals. The
RfD for inorganic mercury is under review by USEPA. The inhalation RfC for inorganic

mercury is 3 x 10™ mg/m’.
5.2.3.9 Nickel

Nickel from refinery dust has been classified as a Class A human carcinogen by
the USEPA. Numerous studies have proven a statistically significant increase in nasal
and lung cancers for workers exposed to nickel dust. Although animal studies have not
been as conclusive (some species 6f rats and mice show no response), some studies have
shown increased incidents of sarcomas. The inhalation UR; for nickel as refinery dust is
2.4 x 10 m’fug. The oral RfD for nickel is based on decreased body weight for rats
exposed to nickel (as soluble salts). An uncertainty factor of 300 is related with the oral

R{D of 0.02 mg/kg/day, and confidence is medium.

5.2.3.10 Selenium

There i1s no evidence that selenium is carcinogenic in humans (IRIS, 1997).
Selenium has been tested by the oral route in experimental animals, but the available data
are insufficient to allow unequivocal evaluation of its carcinogenic potential. However,
recent reports suggest that selenium is not carcinogenic. Several studies have shown that

selenium may actually reduce the incidence of tumors under certain conditions.
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Selenium is an essential element in animals and humans (ATSDR, 1997).
However. exposure to amounts only slightly above the required levels can produce acute
and chronic toxic effects. Acute toxicities of selenium compounds vary greatly, while the
chronic effects of most forms are similar. Exposure may be by oral, inhalation, or dermal
routes, and effects in humans and experimental animals are similar. Acute effects include
degeneration of the liver, kidneys, and myocaria; hemorrhages in the digestive tract; and
brain damage. Eye, nose, and throat irritation also may occur with inhalation exposure.
The acute oral lethal dose (LD,,) value of sodium selenite in rats was approximately 10
mg/kg. Chronic toxicity in humans appears to occur only in areas where foods containing
excessive concentrations of selenium are ingested. Signs of chronic intoxication include
depression, nervousness, dermatitis, gastrointestinal disturbances, dental caries and

discoloration, lassitude, and partial loss of hair and nails.

5.23.11 Zinc

Zinc (Zn) is an essential mitrient, with a recommended daily allowance of 5 to 15
milligrams per day {mg/day). However, large doses seem to produce copper deficiency
anemia. A 10-week study of women taking 50 mg Zn/day resulted in a decrease of
erythrocyte superoxide dismutase (ESOD), a decline in ferritin and hematocrit values,
and an increase in zinc serum. The same study in men also showed a decrease in ESOD.
People with sickle cell anemia exposed to zinc experience copper deficiency. Zinc does

seem to lower high density lipid (HDL) cholesterol.

Carcinogenic studies for zinc are inadequate, and the USEPA has identified zinc
as not classifiable as to human carcinogenicity. Some laboratory studies indicate an
increase in hepatomas in mice exposed to zinc in drinking water. Some fowl have
developed testicular testoma when injected with 0.01 grams (g) of zinc acetate or zinc

Stearate.
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5.3 EXPOSURE ASSESSMENT

Exposure assessments typically rely on standard default assumptions developed
by USEPA or state regulatory agencies because actual exposure data typically are not
available and are difficult to obtain. Because of this fact, there is a great deal of
uncertainty associated with exposure estimates. In order to compensate for this
uncertainty, reasonable maximum exposure (RME) assumptions are used. The RME is
defined as the maximum exposure that is reasonably expected to occur at the site;
therefore, actual exposures are likely to be less than the RME. Standard default exposure
assumptions have been developed for residential and industrial exposure scenarios.
However, site-specific data and professional judgment also are important components of

the exposure assessment. Both were incorporated in the risk assessment.

5.3.1 Exposure Setting

SWMU 23 was used to store waste materials from the BTF and Chemical
Manufacturing Plant; SWMUs 24 and 39 were used to store waste materials from the
former Blast Furnace Plant; and SWMU 38 was used to store construction debris, soil
from excavation activities, and other debris. The SWMUSs are in a relatively isolated
porticn of the entire Facility. Activities at the Land Disposal Areas range from waste
mining to nothing. SWMU 23 is not visited on a regular basis by Sloss workers. The use
of these SWMUs is not expected to change for the foreseeable future. Activity bn the site
is limited to site workers, and site access is controlled by a locked gate and 24-hour
guard. The surrounding property is mixed industrial and residential. Groundwater is not
used as a water supply on the site or in the site vicinity. Surface water on the site is
limited to a drainage ditch along the eastern property boundary; storm water drainage
ditches along Summit Street, the polishing pond (SWMU 22) just north of SWMU 24;
and the Stormwater Runoff Sewer (SWMU 25) west of SWMU 38. SWMUs 22 and 25
will be investigated as part of the BTF and Sewers RF1.
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5.3.2 Conceptual Site Exposure Model

The conceptual site exposure model provides the framework of the nsk
assessment. [t characterizes the exposure setting, identifies sources and transport
pathways for the COCs, identifies potential receptors for current and future land uses, and
identifies the primary exposure routes (Figure 5-1). Receptors may include any living
organism (human, plant, or animal). Exposure routes include the basic pathways through

which a COC may be absorbed (inhalation, oral ingestion, or dermal contact).

An exposure pathway evaluation is a key component of a risk-based analysis.
Exposure can occur only when the potential exists for a receptor to directly contact
released constituents or if there is a mechanism for released constituents to be transported
to a receptor. Each component (released constituents, mechanism of transport, point of

contact, and presence of a receptor) must be present for a complete exposure pathway.

This report focuses on the SWMUs (23, 24, 38 and 39) associated with the Land
Disposal Areas that are located at the northern portion of the Sloss Facility. The Sloss
Facility currently manufactures foundry and furnace coke through the process of
carbonization at the Coke Manufacturing Plant, TSA and BSC at the Chemical
Manufacturing Plant, and mineral wool. Access is controlled by a fence and gate which

is manned by security guards 24 hours per day.

SWMUs in the Land Disposal Areas are not used currently for disposal of plant
wastes, and there are no plans to reuse these portions of the Sloss property. SWMU 23 1s
isolated and overgrown; no one contacts the material stored there. The sludge from
SWMU 24 1s being mined and sold as product and SWMU 39 will be mined in the future.
A metals recovery operation was performed on SWMU 38 and the landfill 1s still being
used for disposal of construction debris and soil from excavation activities. Site workers,
including construction or excavation worker_s, may be exposed to COCs in surficial soils,

subsurface soil, siudge, and ambient air. Incidental ingestion, dermal contact, and
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inhalation of dust and vapors are the exposure routes, with the exception of beryllium.
Beryllium is not absorbed through intact skin (ATSDR, 1997); therefore, assessing
dermal contact with beryllium is not appropriate. Off-site transport of the COCs is
expected to be minimal compared with on-site concentrations; therefore, on-site workers

represent the receptors with the greatest exposure potential.

Groundwater exposure is not evaluated in this risk assessment because it is not
used as a potable water supply at the site or in the surrounding area. The area is supplied

with water by the municipal water district.

5.3.2.1 Release Sources and Release Mechanisms

The release sources and release mechanisms can be divided into two groups:
primary and secondary. Primary release sources are those sources that initially release
the COC(s). Secondary release-sources are those sources that were impacted by the
primary source and can cause an additional release of the COC(s). Potential release

sources include the SWMU s identified at the Land Disposal Areas.

The soil and sludge from each SWMU are potential sources of release to the air
and surrounding soil. Particulates and vapors that contain the COCs from operations are
released into the atmosphere where they then have the potential of settling to the surficial
soil or may be transported off-site. Surficial soil usually is defined as the soil between
land surface and 1 foot below land surface (bls). Once in the surficial soil, the COC may
either migrate into the subsurface soil and subsequently leach into the groundwater or be
released via vapors and dust into the atmosphere. The concentrations of constituents
detected in groundwater are relatively low, indicating the subsurface migration to
groundwater pathway is not significant. The physical and chemical properties

influencing constituent migration are presented in Table 5-20.
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5.3.2.2 Exposure Points, Exposure Routes, and Receptors

Exposure points are the specific locations where a receptor may contact
constituents in soil, groundwater, or other environmental media. Impacted surficial and
subsurface soil and sludge at the Land Disposal Areas are the exposure points. As
previously discussed, groundwater is not considered an exposure point. There are no
water-supply wells within the vicinity of the site. The residential area located next to the
Facility is on a municipal water supply; therefore, it is highly unlikely that the shallow
groundwater would ever be used as a water supply in the future near the site. Therefore,
groundwater is not considered an exposure pathway of concern for the Land Disposal

Areas.

[t is anticipated that on-site exposure routes under current and future conditions
will be limited to site workers. Exposure routes examined include incidental ingestion,
dermal contact, and inhalation of dusts and vapors. Contact with subsurface soil in the

SWMUSs would occur only if future construction projects were conducted in these areas.

Off-site residents may be exposed to the constituents in soil via inhalation. Due to
the distance to the nearest residence and the expected low releases to air due to the
extensive cover over the area, off-site residential exposure is expected to be minimal
compared to potential on-site worker exposure. Therefore, off-site resident inhalation is
not considered an exposure pathway of concern for the Land Disposal Afeas. The
potential exists for birds and small terrestrial animals to be exposed to the COCs in soil
via ingestion; however, the industrial nature of the site is a limiting factor for ecological

receptors.

5.3.3 Exposure Assumptions

Standard exposure assumptions (USEPA, 1989b; 1996a) for industrial workers

were used in this risk assessment for the Land Disposal Areas. These values are
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summarized in Table 5-21. No specific guidance has been developed regarding
exposure frequency and exposure duration for an excavation worker. Therefore,
professional judgment was used. The excavation worker exposure scenario is based on a
construction project that lasts 18 weeks (90 working days). Work is conducted 8 hours

per day, 5 days per week.

Site workers are assumed to come in contact with impacted surficial soil (0 to 1
foot bls) and sludge in SWMU 24 and SWMUs 38 and 39 for 8 hours per day, 250 days
per year, over a 25-year period (USEPA, 1989b; 1996a). Actual exposures under current
conditions are expected to be much less than assumed in this risk assessment because
workers do not spend 8 hours per day at either of the SWMUs. SWMU 23 is not active;
therefore, site workers are assumed to come in contact with sludge in SWMU 23 only
during periodic inspections of the SWMU. Inspections were assumed to last 2 hours per

day, 12 days per year (once a month), over a 25-year period.

The EPCs for surficial soilj, subsurface soil, and sludge, based on log-normal data
distribution, are presented in Tables 5-1 through 5-6, as identified in the USEPA Region
IV (1996a) guidance. The physical-chemical properties used to evaluate exposure are

included in Table 5-20. Table 5-22 presents equations used to evaluate exposure and risk.
5.4 RISK CHARACTERIZATION

Risk characterization summarizes and combines information from the toxicity
assessment and exposure assessment to derive quantitative or qualitative risk estimates.

Risk estimates for the Land Disposal Areas are discussed in the following section.

5.4.1 Non-Carcinogens

Quantitative estimates for non-carcinogenic effects are called HQs. The HQ is the

ratio of the estimated average daily exposure dose and the RfD for oral and dermal
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exposures, and the ratio of the estimated air concentration and the RfC for inhalation
exposures. An HQ greater than | indicates only that the estimated exposure exceeds the
RfD or RfC. It does not provide the probability of an adverse effect. Although an HQ
greater than 1 indicates that the estimated exposure dose for that constituent exceeds the
RfD or RfC, it does not necessarily imply that adverse health effects will occur. It 1s
important to remember that all RfDs and RfCs and, consequently HQs, are not equal.
The basis for the RfD/RfC and the confidence level should be considered in risk
management decisions. The HQs are added to derive the hazard index (HI). Current
regulatory methodology (USEPA, 1989b; 1996a) advises summing HIs across exposure
routes for all media at the site to derive a “Total Site Hazard Index.” If the total HI
exceeds 1, COCs may be grouped according to critical toxic effects, and Hls may be

calculated separately for each effect (USEPA. 1989b; 1996a).

5.4.2 Carcinogens

Quantitative estimates for‘carcinogenic effects are obtained by calculating the
excess lifetime cancer risk (ELCR). Estimated average daily doses, or intakes, for each
constituent are averaged over the expected lifetime of 70 years. The ELCR, equal to the
product of the exposure dose and CSF or air concentration and the UR,, is estimated for
each known, probable, or possible carcinogenic COC in each medium. The ELCR values
provided in this report are an indication of the increased risk, above that applying to the
general population, which may result from the exposure scenarios describ-cd in the
Exposure Assessment section (Section 5.3). The risk estimate is considered to be an
upperbound estimate; therefore, it is likely that the true risk is less than that predicted by
the model. Current regulatory methodology assumes that ELCRs can be summed across
routes of exposure and COCs to derive a “Total Site Risk” (USEPA, 1989b; 1996a). The
USEPA has a defined a target ELCR range of 1 x 10® to 1 x 10 (USEPA, 1996a). Risk

levels within or below this range generally do not require remediation.

ARCADIS GERAGHTY&MILLER



5.4.3 RME Risk Estimates

Site worker exposure was calculated for exposure to sludge for SWMUs 23, 24,
and 39, and was calculated for exposure to surficial soil for SWMU 24. Construction
worker exposure was calculated for exposure to subsurface soil in SWMU 23 and
SWMUs 38 and 39. Surficial soil and siudge data were used to evaluate current exposure
conditions for site workers, and subsurface soil data were used to evaluate future
conditions for construction workers. The equations used in the calculations are presented

in Table 5-22.

The ELCR and HI for site worker exposure to sludge in SWMU 23 (Table 5-23)
were 1 x 10° and 0.01, respectively. The major contributor to the ELCR is
benzo(a)pyrene. The ELCR and HI for construction worker exposure to subsurface soil
in SWMU 23 (Table 5-24) were 8 x 107 and 0.1, respectively. The ELCR for site worker
exposure is within the target range of 1 x 10°to 1 x 10, and the ELCR for construction
worker exposure 1s below the targét range. The HIs for both site worker and construction

worker exposure are below the target of 1.

The ELCR and HI for site worker exposure to surficial soil in SWMU 24 (Table
5-25) were 4 x 10 and 0.2, respectively. The major contributor to the ELCR is
benzo(a)pyrene. The ELCR and HI for site worker exposure to sludge in SWMU 24
(Table 5-26) were 2 x 10® and 0.6, respectively. The major contributor to the ELCR is
beryllium. The ELCRs are within the target range of 1 x 10® to 1 x 10™, and the HIs are

below the target of 1.

The ELCR and HI for site worker exposure to sludge in SWMU 39 (Table 5-27)
were 2 x 10° and 0.5, respectively. The main contributor to the ELCR is beryllium. The
ELCR and HI for construction worker exposure to subsurface soil in SWMUSs 38 and 39
(Table 5-28) were 8 x 10™® and 0.0003, respectively. The ELCR for site worker exposure

is within the target range of 1 x 10°to 1 x 10™, and the ELCR for a construction worker is
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below the target range. The HIs for both site worker and construction worker exposures

are below the target of 1.
5.5 RISK-BASED REMEDIAL GOAL OPTIONS

Risk-based remedial goal options (RGOs) are provided in this section for the
exposure scenarios where the ELCR exceeded 1 x 10°. RGOs for non-carcinogenic risks
are unnecessary because all of the HQs and HIs were below 1. RGOs are presented at
target risk levels corresponding to 107, 107, and 10® according to USEPA (1996a)
guidelines. The RGO equations are presented in Table 5-29.

RGOs for exposure to COCs in sludge in SWMU 23 are presented in Table 5-30.
RGOs for COCs in SWMU 24 and SWMUs 38 and 39 are presented in Table 5-31, with
the exception of lead. Lead does not have a RfD or CSF because risks from lead
exposure are better evaluated by predicting the associated blood lead level. The approach
used here relates intake of lead from soil to blood lead concentrations in women of child-
bearing age (USEPA, 1996b). Because the fetus and young children are much more
susceptible to lead toxicity than adults, an RGO is developed which protects the fetus as

described below.

The USEPA model assumes that the increase in blood lead from exposure to soil
lead is linear. A linear biokinetic slope factor was developed for the model. It is based
on available data relating fetal blood lead levels to maternal blood lead levels and soil
exposure. In the guidance, USEPA (1996b) states that the basis for the RGO is the
assumption that “fetuses and neonates can be adversely affected by elevated maternal
blood lead concentrations, and that risk to the fetus can be estimated from the probability
distribution of fetal blood lead concentrations.” The baseline maternal blood lead
concentrations were estimated based on the background blood lead level in the general
population which ranges from about 1.7 to 2.2 ug/dL. The highest acceptable fetal blood

lead level was set at be 10 ug/dL, the recommended concentration from the USEPA and
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the Centers for Disease Control (CDC). From the equations shown in Table 5-32, an

RGO for lead of 1,400 mg/kg was calculated.

EPCs for each SWMU are included in Tables 5-30 and 5-31. In comparing the
EPCs with the calculated RGOs, none of the constituent EPC concentrations exceeded the
RGO at a | x 107 risk level. Only the benzo(a)pyrene EPC concentrations exceeded a |
x 107 risk level. The benzo(a)pyrene EPC in SWMU 24 surficial soil is 7.3 mg/kg, while
the RGO is 2.4 mg/kg. The RGO concentrations that exceed the EPCs are highlighted in
each table. The lead EPC is above the calculated RGO for sludge in SWMU 24.

5.6 UNCERTAINTIES

5.6.1 Sources of Uncertainty

The risk estimates presented here are conservative estimates of the risks
associated with exposure to constituents detected in soil at the site In general,
conservative assumptions were made in the risk assessment process to bias the risk
assessment towards protectiveness. However, uncertainty is inherent in the risk
assessment process, and a discussion of these uncertainties is presented in this section.
Each of the three basic building blocks for risk assessment (monitoring data, exposure

scenartos, and toxicity values) contribute uncertainties.

Uncertainty always exists when using a finite set of monitoring data to represent
site conditions.  Because of this uncertainty, the UCL or maximum detected
cencentration was used to represent the EPC for each constituent in each medium. This
conservative approach should bias the risk estimates to overestimate actual risks that
might be associated with the site. In addition, it was assumed that the constituent
concentrations remain constant throughout the relevant exposure periods, ignoring natural

attenuation processes that should tend to decrease the concentrations over time. This
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conservative assumption is expected to generate highly protective (elevated) risk

estimates.

Environmental sampling itself introduces uncertainty. This source of uncertainty
can be reduced through a well-designed sampling plan, use of appropriate sampling
techniques, and implementation of laboratory data validation and quality assurance/quality
control (QA/QC). The data used in this report meet QA/QC requirements and are
appropriate for use in a risk assessment. Although only a few samples were collected at
each SWMU, the samples were collected in areas near the potential release sources and
should generally reflect the highest concentrations. Again, this sampling bias should

overestimate risk.

Exposure scenarios also contribute uncertainty to the risk assessment. Exposures
were calculated based on the assumption that the current conditions would remain stable
(1.e., no attenuation) throughout the exposure period. This assumption can produce
uncertainties because natural attenuation processes are expected to substantially reduce
constituent concentrations over time. Exposure scenarios were developed based on site-
specific information. USEPA exposure guidance documents, and professional judgment.
Although uncertainty 1s inherent in the exposure assessment, the exposure assumptions also

were chosen to err on the side of conservatism (i.e., to be over protective).

The toxicity values and other toxicological information (i.e., health effecis) used in
this report are associated with significant uncertainty. Many toxicity values are developed
using results of studies in which laboratory animals are exposed to high doses. Although
species differences in absorption, distribution, metabolism, excretion, and target organ
sensitivity are well documented, available data are not sufficient to allow compensation for
these differences. Most laboratory studies strictly control as many factors as possible, yet
the human populaﬁon 1s genetically diverse and affected by a variety of diets, occupations,

pharmaceuticals, and other factors. When human epidemiological data are available, a
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different set of uncertainties is present. For instance, exposure dose is seldom well

characterized in epidemiological studies.

Recent research on the mechanisms of carcinogenesis suggests that USEPA’s use of
the linearized multistage model may overestimate the cancer risks associated with exposure
to low doses of chemicals (USEPA, 1996¢). At higher doses, many chemicals cause large-
scale cell alteration which stimulates replacement by cellular division. Dividing cells are
more subject to mutations than quiescent or non-dividing cells; thus, there is an increased
potential for tumor formation. It is possible that administration of these same chemicals at
lower doses would not increase cell division and thus would not increase mutations. This
would suggest that the current methodology may overestimate cancer risk, particularly

given the low doses found at the site.

Toxicity values were not available from the USEPA for all of the COCs in media at
the site. The USEPA is in the process of developing inhalation toxicity values; however,
these currently are not available for most constituents. Surrogate compounds were selected
to represent the toxicity values for some constituents lacking values if an appropriate

surrogate was available. In the absence of subchronic RfDs, chronic RfDs were used.

5.6.2 Monte Carlo Analvsis

Monte Carlo Analysis is one method used to approach the uncertainty involved in
the point-estimate or deterministic risk assessment. The Monte Carlo or probabilistic
method of risk assessment was used in this report to calculate total cancer risks for the
following site worker exposure scenarios:

(1) site worker exposure to sludge for SWMU 23;

(2) site worker exposure to surficial soil for SWMU 24;

(3) site worker exposure to sludge for SWMU 24; and

{4) site worker exposure to sludge for SWMU 39.
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These scenarios were selected for the Monte Carlo Analysis because the total
excess lifetime cancer risks from the deterministic (i.e.. point estimate) calculations
exceeded the lower end (1 x 10 of the range of acceptable risk values (10° to 107).
Only the cancer risks were included in the Monte Carlo Analysis since the deterministic
non-cancer risks were all acceptable (i.e., HI less than 1). The following sections provide
a brief description of Monte Carlo Analysis and present the exposure parameters used in

the calculations.

Monte Carlo simulation is a tool which was developed by physicists over 50 years
ago and has long been used by scientists and engineers in many fields. Application of
Monte Carlo simulation produces a probability distribution for a modeled parameter
based on the probability or uncertainty distributions for the input variables. To run a
Monte Carlo simulation, an appropriate probability density function (PDF) must be
defined for each selected input variable (termed the random variables) for the model. A
random number generator is used to select a value for each random variable using the
input PDF information. Using the selected combination of values for the random
variables, a single forecast value is calculated. This process of selecting a set of random
variable values and calculating the forecast value is repeated for many iterations (usually
3,000 or more). The frequency distribution for the calculated forecast values represents
the probability distribution for the modeled forecast value. A total of 10,000 iterations

was used in each Monte Carlo simulation for this site.

In the context of risk assessment, the forecast value of interest is the potential
cancer or non-cancer risk (ELCR or HQ, respectively) related to hypothetical exposure
scenarios at a particular site. The input random variables are the exposure parameters
used to model the potential exposure conditions. In the derivation of a RME point-
estimate of the risk (as 1s usually presented in a risk assessment), the input values for the
exposure parameters are selected such that the point-estimate 1s intended to represent the
95™ percentile for the risk (USEPA, 1989b). However, the combination of several highly

conservative input values into a single RME calculation of risk (multiplying several
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worst-case values and dividing by average values) typically overestimates any actual
risks likely to be associated with exposure at the site. In addition, this RME point-
estimate (i.e., deterministic) approach provides no method of determining the extent to
which the actual risk has been overestimated. Monte Carlo simulation is a valuable tool
for obtaining a risk probability distribution which can be used to better estimate the 95"
percentile for risk and to determine appropriate confidence limits for the risk and indicate

the uncertainty associated with the modeled risk values.

5.6.2.1 Input Random Variable Probability Distributions

This section presents the data distributions defined for each of the random
variables in the Monte Carlo simulation. The relevant exposure model is the site worker
exposure to soil or sludge. This exposure model considers the oral, dermal, and
inhalation pathways. Table 5-33 summarizes the input PDFs for the selected random

variables. The following paragraphs discuss the source of each input PDF.

Averaging Period and Exposure Period

In the Monte Carlo calculation of cancer risk (ELCR), the averaging period (AP)
was not treated as a random variable; the value was held constant at 70 years. The AP for
cancer effects was not considered a random variable since the derivation of the CSFs is
based upon a 70-year lifetime. Although the AP is constant, the exposure périod (EP)

will vary and was defined as a random variable for the Monte Carlo Analysis.

Percentile data for the site worker exposure period PDF were obtained from the

literature (Finley et al., 1994; American Industrial Health Council [AIHC], 1994):
Minimum = 0 Maximum = 30 years

25th percentile of 1 year
50th percentile of 3.8 years
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75th percentile of 11 years
90th percentile of 19 years

§5th percentile of 25 years

These percentile data are based on Bureau of Labor Statistics information on the working
tenure for U.S. workers. The mean of the values used for the exposure period in the

Monte Carlo simulations was reported as approximately 7 years.

Body Weight

The adult body weight (BW) PDF represents adult male data presented in the
USEPA Exposure Factors Handbook (USEPA, 1995) into a cumulative distribution with

the following parameters:

Minimum = 51 kg - Maximum = 107 kg (AIHC, 1994)
5" percentile of 58.6kg

10" percentile of 62.3 kg

15" percentile of 64.9 kg

25" percentile of 68.7 kg

50" percentile of 76.9 kg

75" percentile of 85.6 kg

85" percentile of 91.3 kg

90" percentile of 95.7 kg

95" percentile of 102.7

The BW and exposed skin surface area (SSA) variables were correlated with one
another using a correlation coefficient of 0.85 (selected based on professional judgment).
This large positive correlation coefficient is intended to account for the fact that
individuals with high BW values are expected to also have high SSA values, while low

SSA 1s expected to correspond with low BW.
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Exposure Freauency

The exposure frequency (EF) for the site worker was based on the PDF cited for
residential exposure (triangular distribution with a minimum of 180 days/year, a most
likely value of 345 days/year, and a maximum value of 365 days) (Smith, 1994). This
residential PDF was multiplied by a factor of 5/7 (based on 5 workdays per 7-day week)
and reducing the maximum value by 5 to account for 5 holidays per year, resulting in a
triangular distribution with minimum of 130 days/year, most likely value of 240

days/year, and maximum of 255 days/year.

Exposure Point Concentration

The constituent EPCs were defined based on the analytical data presented in
Section 5.1.1. For all but one scenario, no PDFs were defined for the EPCs; rather, the
software was set to randomly select one of the actual measured or modeled concentration
values with each iteration of the Monte Carlo simulation (a process referred to as
bootstrapping). The selection probability for each measured or modeled concentration
value was determined by the frequency with which that value appears in the dataset. For
the site worker exposure to surficial soil (the scenario with the highest total ELCR), the
data for benzo(a)pyrene, benzo(a)anthracene, dibenzo(a,h)anthracene, and indeno(1,2,3-
c,d)pyrene were fit to a log-normal distribution using the Crystal Ball® softwa-re. These
constituents were selected because they each had ELCRs exceeding 1 x 10°, and it was
intended that the log-normal distribution would give a more complete representation of

the data.
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Exposure Time

Based on professional judgment, the daily exposure time PDF for the site worker
was input as a triangular distribution, ranging from 0 to 9 hours/day, with 8 hours/day as

the most likely value.

Skin Surface Area

The exposed SSA PDF for the Monte Carlo simulation was derived based upon
data presented in the USEPA Exposure Factors Handbook (USEPA, 1995; Kissel et al.,
1996) which presents the SSA percentile data for men and women and recommends that
for outdoor exposures in areas of moderate temperature, the assumption that 5 percent of
the total body SSA is exposed during winter months, 10 percent in the spring and fall,
and 25 percent in the summer months. This is a conservative assumption since workers
are unlikely to wear shorts, which is assumed in the 25 percent value for the summer
months. Assuming 3 months pef 'season, this results in an SSA PDF which 1s 0.125
multiplied by the PDF for total body SSA (Normal, with Mean = 19,700 square
centimeters (cm?), standard deviation = 1,900 cm’). Thus, the input PDF for SSA was
NORMAL. with a mean of 2,460 cm’ and a standard deviation of 240 cm®. As stated
previously, the BW and SSA variables were correlated with one another using a

correlation coefficient of 0.6 (based on professional judgment).
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Soil Adherence Rate

The PDF for soil adherence rate (SAR) was derived based on data from Kissel et
al. (1996), as presented by USEPA (1995). Kissel measured soil loading on the skin of
the hands, arms, face, and feet of people engaged in a variety of activities. For this site,
data for 5 groups of groundskeepers (a total of 29 individuals) were used to
conservatively represent site worker activity. It was assumed that the hands, forearms,
and head would be exposed, and the SAR data reported by Kissel et al. (1996) were area-
averaged using the relative areas of the three body parts and the SAR values reported for
each. Using this input in a Monte Carlo Analysis resulted in a PDF which was
approximately normal with a mean of 0.03 milligrams per square centimeter (mg/cm’)

and a standard deviation of 0.003 mg/ cm’.

Soil Ingestion Rate

The site worker soil ingesti‘cm rate was derived from data for adult soil ingestion.
Based on the default soil ingestion rate.point estimate value of 100 mg/day for adults vs.
the default point estimate value of 50 mg/day for a site worker (USEPA, 1991), the
cumulative probability data reported in the Exposure Factors Sourcebook (ATHC, 1994)

was reduced by a factor of 1/2:
Minimum =0 Maximum = 108 mg/day
67 percent probability less than or equal to 8.5 mg/day
83 percent probability less than or equal to 74 mg/day

5.6.2.2 Monte Carlo Results

A Monte Carlo simulation of total ELCR was run using the input random variable
PDFs described in the previous section and presented in Table 5-33. The forecast

probability density curves for total ELCR are shown in Table 5-34. The median (50th
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percentile), mean, and 95th percentile for the ELCR forecast probability density curves
are presented below:

Total ELCR
(Monte Carlo Results)

Exposure

Medium Median Mean 95" %
SWMU 23 3E-08 2E-07 9E-07
Sludge Waste

SWMU 24 4E-08 2E-07 1E-06

Sludge Waste

SWMU 24 8E-08 S5E-07 2E-06
Surficial Soil

SWMU 39 1E-08 9E-08 4E-07
Sludge Waste

The 95" percentile values all lie below or slightly exceed the lower end of the
range of acceptable cancer risk (“10'6 to 10™); the median and mean values all lie below
this level. Typically, the median value is used to represent average exposure conditions
while the 95" percentile is used to represent RME conditions. Based on these results, the

site does not pose unacceptable cancer risk under the assumed exposure conditions.
5.7 ECOLOGICAL RISK ASSESSMENT

The objective of the ecological risk assessment (ERA) is to determine whether
constituents detected at SWMU 23, SWMU 24, and SWMUS 38 and 39 have the
potential to adversely affect the ecosystem at these SWMUs or surrounding areas. The
standard paradigm for predictive ERA, as presented in the USEPA Framework for
Ecological Risk Assessment (USEPA, 1992), the USEPA Region IV Supplemental
Guidance to RAGs (USEPA, 1996a), and the Ecological Risk Assessment Guidance for

Superfund (USEPA, 1997c¢), was adapted to the ecological assessment of the site.
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The first step of the ERA 1s problem formation which discusses site
characteristics, selection of constituents of ecological concern (COECs), endpoints and
measurements for the assessment, and potential receptor populations. The second step is
the exposure assessment which evaluates the relationéhip between ecological receptors
and affected media at the site. The third step of the ERA is the effects assessment which
discusses available toxicity data for COECs. The fourth step of the ERA is the risk
characterization which integrates the results of the exposure assessment and effects

assessment to estimate risks to potential ecological receptors

5.7.1 Problem Formation

This section describes the relative ecological attributes of SWMUs 23, 24, 38, and
39, the selection of COECs, and the endpoints for the assessment. Potential sources of

contamination are discussed in Section 5.3.2 (Conceptual Site Exposure Model).

5.7.1.1 Environmental Descripti:on

An ecological inventory (EI) was conducted at the site June 2 through June 4,
1997, to characterize the biotic resources associated with SWMUSs 23, 24, 38, and 39 as
part of the ongoing RFI. The objectives of the EI were to: (1) gather qualitative and
semi-quantitative information on the ecological communities present at the site; (2)
identify pathways by which biological receptors could be exposed to media éontaining
site-related constituents; and (3) document any visible evidence of stress on biological

receptors at the site. The findings of the EI are summarized below.

During the investigation, a survey of the terrestrial flora and fauna of the site was
conducted. A limited survey of aquatic flora and fauna was conducted. No attempt was
made to assemble a complete list of plant and animal life within the site; however, a
representative list was compiled utilizing as many different plant and animal types and

species as possible via sight and sound surveys. Survey evidence included plant and
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animal sightings, animal calls, bird songs and calls, and animal droppings and tracks.
Terrestrial and aquatic ecosystems and associated plant and animal species were visually
observed for any signs of stress placed upon them by the site and/or human activities (i.e.,

land development), and/or by abnormal natural events such as drought or flooding.

To characterize biotic resources, each area was investigated. Identification of
major vegetative communities and the species composition were recorded by written field
notes. Photographs were taken to document field observations/conditions. Potential
wetland areas were identified based on observed vegetation, soil, and hydrologic
characteristics. All communities were characterized for their potential to support biota
and observations of biotic communities and/or species which appeared stressed or

unhealthy.

Plant species follow nomenclature found in Radford et al. (1968) and Petrides
(1988), and amimal species follow documentation in Mount (1975), Rhode et al. (1994),
Stokes (1996), and Webster et al. (1985). Scientific nomenclature and common names
(when applicable} are provided for each plant and animal species listed. Subsequent
references to the same organism include the common name only. The presence of
wetland habitats on site was determined using Cowardin et al. (1979), Environmental

Laboratory (1987), and Wetland Training Institute, Inc. (1991).

During surveys, wildlife identification involved a variety of dbservation
techniques: active searching and capture, visual observations (both with and without the
use of binoculars), and identifying characteristic signs of wildlife (sounds, scats, tracks,
burrows, etc.). Organisms captured during these searches were identified and released
without injury. Equipment used for aquatic sampling included a hand-held dip net and

minnow traps.

A variety of plant and animal species occur on the site and in the surrounding

areas. SWMUs 23, 38, and 39 contain habitats potentially used by ecological receptors.
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SWMU 24 consisted primarily of barren soil and is of an industrial nature such that
limited useable habitat is present. Potentially complete exposure pathways for terrestrial
animals include exposure to potentially impacted soils and/or sludges. Exposure routes
may include direct contact and ingestion; volatilization is considered to be a minor
exposure route. Based on qualitative observations, no adverse ecological effects were
apparent at the site. The nearest surface-water body to the site is Five Mile Creek. Much
of the storm-water runoff from the site drains to a large surface impoundment (polishing
pond) before permitted discharge to Five Mile Creek. Therefore, limited potential exists
for constituent migration pathways to aquatic receptors in the creek. No evidence was
found during the site visit of stressed biota resulting from off-site migration. Specific

information concerning the EI is summarized below.
5.7.1.1.1 Physical Resources

Jefferson County is in the Appalachian Highlands major physical division of the
United States. Birmingham is in the southeastern part of the county and lies in the
Tennessee section of the Valley and Ridge physiographic province. This province is
underlain by sedimentary bedrock deformed by folding and faulting. Horizontal
compression of the bedrock produced a series of major folds, called anticlines and
synclines. These folds were broken by major shear fractures, called thrust fauits, causing
portions of the folds to be displaced northwestward for several miles. During this period,
approximately 200 million years ago, a series of long, narrow parallel valleys and ridges
developed. The ridges have bedrock that are more resistant to erosion than material in the
valleys. These valleys and ridges are oriented in a northeast-southwest direction

(Spivey, 1982).
3.7.01.1.1.1 Soil

The process of soil development depends upon both biotic and abiotic influences.

These influences include past geologic activities, nature of parent material, environmental
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and human influences, plant and animal activity, age of sediments, climate, and

topographical position.

SWMUs 24, 38, and 39 are underlain by Urban Land, while SWMU 23 1s
underlain by the Allen-Urban land complex. Urban Land soils consist of areas covered
by commercial, industrial, and high density residential facilities. These areas have been
altered to achieve large areas that are nearly level, to avoid flooding or wetness problems,
or to increase the load supporting capacity. The original soils were altered by cutting and
filling, shaping and grading, excavating, blasting, compacting, or covering with concrete
or asphalt. The Allen-Urban land complex consists of strongly sloping, well drained
Allen soils and areas of Urban Land on mountain foot slopes and uplands of limestone
valleys. The available water capacity of Allen soils is moderate to high. Permeability is
moderate, and the shrink-swell potential is low. Surface runoff is moderately fast

(Spivey, 1982).
5.7.1.1.1.2 Water Resources

Several unnamed tributaries are responsible for carrying the surface drainage off
of the Sloss property. Two drainages, one west of SWMU 38 and one east of SWMU 39,
carry surface runoff from these SWMUs into Five Mile Creek, located north of the
property. The drainage west of SWMU 38, the Stormwater Runoft Sewer (SWMU 25),
was established to carry stormwater runoff from the Sloss Facility and noncontact cooling
water into a polishing pond before entering Five Mile Creek. The other drainage,
adjacent to SWMU 39, flows into Five Mile Creek. SWMU 23 is primarily a ponded
area. A pipe located along the southern dike drains this area. Surface runoff travels
southward down the hill and eventually flows into the polishing pond. Surface runoft
from SWMU 24 also flows into the polishing pond. A drain along the northern perimeter

of the polishing pond diverts water directly into Five Mile Creek.
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5.7.1.1.2 Biotic Communities

This section describes the existing vegetation and associated wildlife that occur
within the vicinity of SWMUs 23, 24, 38, and 39. Wildlife and other fauna are observed
less easily than the flora of an area without special efforts by the investigators. The
wildlife associated with the study area of the proposed project are divided into two
sections: terrestrial fauna and aquatic life. Some taxa will often occupy both terrestrial
and aquatic habitats. Descriptions of fauna likely to occur within the project area, based

on the evidence available, are given below.
571121 SWMU 23

SWMU 23, known as the BTF Sludge Disposal Area, is located at the northwest
part of the Sloss Facility. The unit received approximately 10 tons of biological sludge a
day until 1993 when all disposal in the unit was discontinued. Currently, terrestrial plant
communities within SWMU 23 are represented by two major community types:
successional and wetland. A dense mat of vegetation covers the majority of the SWMU,

which is approximately 2 acres in size. Seasonal ponding of water occurs.

Successional plant communities present along the rim and adjacent upland areas
of SWMU 23 include several species of ragweed (Ambrosia spp.), goldenrod (Solidago
sp.), pokeweed (Phytolacca americana), aster (Aster spp.), milkweed (4sclepias spp.),
smooth sumac (Rhus glabra), dogfennel (Eupatorium sp.), mulberry (Morus sp.), black
cherry (Prunus serotina), broomstraw (Andropogon sp.), morming-glory (Ilpomoea sp.),

birch (Betula sp.), Queen Anne’s lace (Daucus carota), and blackberry (Rubus sp.).
Wetland plant communities consist primarily of emergent vegetation. Dominant

vegetation includes soft rush (Juncus sp.), cattail (Typha latifolia), and duckweed (Lemna

sp.). Young willow (Salix sp.) also was observed around the edges of the pond.
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Wildlife species observed utilizing areas of SWMU 23 were primarily birds. Barn
swallows (Hirundo rustica), purple martins (Progne subis), red-winged blackbird
(Agelaius phoeniceus), killdeer (Charadrius vociferus) and mourning dove (Zenaida
macroura), were observed in the area. Amphibians, such as the gray treefrog (Hyla
versicolor) and leopard frog (Rana sphenocephala), were heard calling. One mammal, an
eastern cottontail rabbit (Sylvilagus floridanus), was observed near the SWMU. No
reptiles were observed. Other animals are expected to utilize this community either for
foraging or shelter. Common animals expected to occur include those adapted to
disturbed and early successional areas. Species of mice, rats, snakes, lizards, frogs, toads,
and small mammals may be observed in the vicinity of the SWMU. Overall, wildlife
diversity in the vicinity of the SWMU is expected to be moderate as a result of the

surrounding undeveloped land.

A low diversity of aquatic species is expected. Frogs appear to be the dominant
faunal type. No minnows or other fish were observed or noted during the field
investigation. The water was discolored and a sheen was visible. The water also had an

odor.
5.7.1.1.2.2 SWMU 24

SWMU 24 is near the northeast corner of the property, immediately sﬁuth of the
polishing pond. SWMU 24 is a blast furnace emission control sludge waste pile and
contains black granular material generated during the production of pig iron from 1958 to
1979. Field observations indicate that much of the sludge material associated with the

SWMU has been removed. Sludge material is currently being removed from the area.
The majority of the SWMU is barren land. A large amount of sludge appears to

have been removed from the northernmost area. Vegetation is in a very early stage of

succession. The northern area of the SWMU exhibits mainly pioneer species such as
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goldenrod, ragweed, blackberry, and various grasses. The diversity at the present time is

relatively low. SWMU 24 is approximately 10 acres in size.

Wildlife diversity in the area is consistent with -plant diversity. Very few species
were noted during the field investigation. The species observed were red-winged
blackbird, killdeer, and bank swallows, and were noted along the northernmost portion of
the SWMU, adjacent to the polishing pond. No aquatic habitats are present at SWMU
24.

3.7.1.1.2.3 SWMU 38

SWMU 38 is in the north-central part of the Sloss Facility, west of the quarry and
south of SWMUs 23 and 24. It consists of a landfill used by Sloss for construction-type
debris. Debris identified at the landfill included concrete rubble, conveyor belts, wood,
construction material, empty 55-galion drums, flue dust, and coal. This SWMU has more
diversity of vegetation and wildiife than SWMUs 23 and 24. SWMU 38 is bounded to
the west by a stormwater runoff sewer (SWMU 25) and to the east by an above-ground
BTF sewer line. SWMU 38, used for disposal of construction debris and soil from

excavation activities, is approximately 10 acres in size.

‘The vegetation present in and around SWMU 38 is classified as disturbed. Areas
along the slopes of the SWMU exhibit a canopy and understory of vegetation while areas
on the top only have pioneer species. The rim of the SWMU is relatively flat and void of
vegetation. Hackberry (Celtis laevigata), box elder (Acer negundo), red maple (4cer
rubrum), green ash (Fraxinus pennsylvanica), water oak (Quercus nigra), red cedar
(Juniperus virginiana), black walnut (Juglans nigra), birch (Berula sp.), mullein
(Verbascum sp.), and princess-tree (Paulowinia tomentosa) were noted along these
slopes. Vines included grape (Vitis sp.), Virginia creeper (Parthenocissus quinquefolia),
Japanese honeysuckle {Lonicera japonica), trumpet creeper (Campsis radicans), and

poison ivy (Toxicodendron radicans). Herbaceous vegetation noted on the slopes of the
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SWMU consisted of goldenrod, ragweed, milkweed , mimosa (A/bizia julibrissin), clover
(Trifolium sp.). aster, Queen Anne’s lace, pokeweed, thistle (Carduus sp.), and
spleenwort (4splenium sp.). In addition to mimosa, birch, boxelder, and Japanese
honeysuckle, cocklebur {(Xanthium sp.), morning glory (Ilpomoea sp.), vetch (Vicia sp.),

and blackberry (Rubus sp.) were noted along the top portions of SWMU 38.

A small area temporarily inundated by water was noted outside the northern
perimeter of SWMU 38. It consists primarily of bottomland hardwoods (maples, oaks,
etc.) and is approximately 1 acre in size. This inundated area resulted from an influx of
water from the stormwater runoff sewer (SWMU 25). A blockage was noted in the sewer
which caused the diversion of water into this area. The water was retained in this area by

a small rock outcrop outside of the northeast perimeter.

Bird species observed in the landfill area were northern bobwhite (Colinus
virginianus), mockingbird (Mimus polyglottos), red-winged blackbird, mourning dove,
killdeer, and bank swallows. One eastern cottontail rabbit was noted along the northem
perimeter. Otherwise, no reptiles or amphibians were seen; however, habitat is available
for these and other species that require open, disturbed areas. A low diversity of wildlife
is expected to utilize this community due to its location and proximity to surrounding

forested communities.
A minnow trap was set just below the rock outcrop in the area inundated by the
stormwater runoff sewer. One banded pigmy sunfish (Elassoma zonatum) was captured.

No other aquatic fauna was observed in this area.

5.7.1.1.2.4 SWMU 39

SWMU 39 is also a blast furnace waste pile. SWMU 39 contains black granular

material, similar to SWMU 24, that was generated during the production of pig iron from
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1958 to 1979. The waste pile at SWMU 39 is a northeast-southwest trending ridge that is
adjacent to SWMU 38. SWMU 39 is approximately 10 acres in size.

Vegetation associated with SWMU 39 is very similar to that of SWMU 38 except
that pines, including loblolly pine (Pinus taeda) and Virginia pine (Pinus virginiana),

occupy the northern perimeter rather than hardwoods.

One wetland community is along the eastern boundary of SWMU 39. This
community is associated with the drainage canal that flows into Five Mile Creek.
Cattails, soft rush, willow, and water oak were the dominant vegetation. The wetland

community opens into a small pond-like area immediately north of the SWMU.

Wildlife observed in the vicinity of SWMU 39 consists mostly of birds:
mockihgbird, gray catbird (Dumetella carolinensis), red-winged blackbird, northern
cardinal (Cardinalis cardinalis),-great crested flycatcher (Myiarchus crinitus), mourning
dove, and bank swallows. Like SWMU 38, SWMU 39 is expected to have a low

diversity of wildlife primarily due to its location.

Aquatic fauna were observed in the adjacent drainage canal and small pond area.
Eastern mosquito fish (Gambusia affinis), crayfish (Procambarus sp.), dragonfly
nymphs, and several frogs (Rana sp.) were observed in these areas. The diversity of

aquatic fauna is also expected to be low due to its location and surrounding land uses.
5.7.1.1.3 Biotic Stresses

Indications of potential biotic stress were looked for during the field investigation.
Biotic stress may be induced by chemical and/or non-chemical anthropogenic activities.
Chemically-induced stress may be identified by a number of characteristics including
reduced biotic diversity, changes in community composition, and mortality of organisms.

Stained soil, surface-water odors, or other signs of potential impacts may also indicate
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chemically-induced stress.  Non-chemical anthropogenic effects such as urban
development and agricultural practices may also result in reduced biotic diversity and/or

abundance, changes in community composition, and organisms mortality.

Vegetation at the site was found to be in good condition. No difference in
vegetation health was observed between plants on-site and off-site. The vegetation

present at the SWMUs appeared healthy.
5.7.1.1.4 Special Status Species

The Alabama Natural Heritage Program and the Alabama Division of Game and
Fish were requested to provide the most recent information concerning the occurrence of
threatened and/or endangered plant and animal species, any habitats of special concern,
and/or environmentally sensitive areas at or in the vicinity of the site. The requests and
responses are presented in Appendix E. Responses from these agencies indicated that a
Federally endangered fish species, the Watercress Darter (Etheostoma nuchale), inhabits
Roebuck Springs, which is approximately 3 to 5 miles east of the site. Due to the fact
that the Watercress Darter is found only in watercress-choked waters of limestone origin
with substrate of angular gravel in riffle areas and silt and mud in areas of watercress, and
these types of surface-water bodies do not exist on or near the site, there is no reason to
believe that COECs present any potential impact to this animal species. Additionally,

COECS identified at the site would not be expected to migrate to Roebuck Spriﬁgs.

5.7.1.2 Selection of Constituents of Ecological Concern

The selection of potential COECs for the ERA involves a screening process that is
used to limit the constituents that require evaluation in the assessment to those
constituents of greatest ecological concern. Because the toxicity of some constituents to

wildlife differs from that of human receptors, the COECs for the ERA may differ from
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those evaluated in the human health risk assessment. Data used in the determination of

potential COEC:s are presented in Tables 5-1 through 3-6.

COECs were selected by comparing maximum constituent concentrations
detected in soil and sludge samples to background constituent concentrations and Oak
Ridge National Laboratory (ORNL) preliminary soil remediation goals (PRGs) for
écological endpoints (ORNL, 1996). Background data for soil were presented in Table 5-
9.  ORNL Ecological PRGs for soil were selected by comparing toxicological
benchmarks for plants, microorganisms, earthworms, and wildlife, and selecting the
lowest value as the PRG. Constituent concentrations detected in soil and sludge samples
at each SWMU that exceeded two times the site-specific background concentration or the
ORNL PRG were retained as COECs. The selection of COECs is presented in Tables 5-
35 through 38.

5.7.1.3 Assessment and Measurement Endpoints

This ERA focuses on representative receptors that may be affected directly or
indirectly by selected COECs and the likelihood and extent of those effects. Flora and
fauna observed at the site were discussed in Section 5.7.1.1. Terrestrial receptors were
selected for quantitative exposure assessment to surficial soil and sludge. Potential risks
to aquatic receptors were not assessed in this risk assessment since the major bodies of
water associated with the site (various drainage ditches and Five Mile Creek) will be

sampled and assessed at a later date as part of subsequent field activities and reports.

The endpoint for this assessment was effects on herbivorous populations through
soil and sludge exposure sufficient to impair reproduction. COEC concentrations in soil,
sludge, and food sources were compared to toxicological benchmark values as a measure

of this endpoint. Toxicological benchmark values are presented in Table 5-39.
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It is not feasible to evaluate COEC effects on all species using habitats at the site;
therefore, target receptor species are selected and evaluated as surrogate species for
terrestrial organisms with the greatest potential for exposure. The eastern cottontail
rabbit (Sylvilagus floridanus) was selected as an indicator species to evaluate the
assessment endpoints because it is societal, has a range small enough to be associated
with the site, serves as prey for a variety of species, would be expected to be exposed to

media at the site, and was observed on-site during the ecological field survey.

5.7.2 Exposure Assessment

The exposure assessment evaluates the relationship between ecological receptors
and media at the site. Potential exposure pathways, exposure point concentrations,

specific target receptor species, and exposure doses are discussed in this section.

5.7.2.1 Exposure Pathways

The primary means by which ecological receptors may be exposed to constituents
at the site is through incidental ingestion of, and dermal contact with, surficial soil and/or
sludge. Potential exposure pathways for terrestrial wildlife include ingestion of food
(either plant or animal), incidental ingestion of soil while foraging, grooming or
burrowing, inhalation of particulates or vapors potentially released at the site, and
ingestion of surface water. The total exposure by terrestrial wildlife is represeﬁted by the
sum of the exposures from each individual source. COECs at the site (primarily SVOCs
and inorganics/metals) are not expected to volatilize, and as previously indicated, surface
water is not evaluated in this assessment with the exception of mercury. COECs
identified at the site would not be expected to bioaccumulate in organisms. Therefore,
the exposure pathways evaluated for the cottontail rabbit included direct exposure to
COEC:s via soil and sludge ingestion and indirect exposure to COECs via ingestion of

vegetation at the site.
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5.7.2.2 Exposure Point Concentrations

Wildlife species are mobile and likely use various portions of the site. They are
unlikely to be exposed to maximum detected constituent concentrations. Therefore,
estimates of exposure to COECs by wildlife species were calculated using the upper 95
percent confidence limit (UCL) on the arithmetic average constituent concentrations

detected in soil and surface-water media at the site.

5.7.2.3 Exposure Dose Calculation

Potential exposure pathways for the cottontail rabbit at the site include ingestion
of food (plants), incidental ingestion of surficial soil, ingestion of drinking water, and
inhalation of contaminated air or particles. Respiration data were unavailable for the
rabbit and as previously mentioned, COECs at the SWMUSs are not expected to volatilize;
therefore, the inhalation pathway- was not evaluated. Surface-water data are unavailable
to evaluate the drinking-water péthway. The daily intake of COECs for the rabbit

through ingestion of food (plants) and soil was estimated by the following equation:

[=[(Cveg)(Iv) +(Cs)(Is)[(H) (USEPA, 1997¢)

BW
where:
I = total estimated constituent intake (mg/kg/day);
Cveg = constituent concentration in vegetation (mg/kg);
Cs = constituent concentration in soil or sludge (mg/kg);
Iv = ingestion rate of vegetation (kilograms per day [kg/day]);
Is = ingestion rate of soil or sludge (kg/day);
H = home range/area of concern (unitless); and
BwW = body weight (kg).
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Information required to estimate constituent exposure for the target species was
obtained from the available literature. The food consumption rate for the rabbit is
reported to be 0.237 kg/day (Dalke and Sime, 1941), and the incidental soil ingestion rate
is assumed to be 6.3 percent of the diet or approximately 0.15 kg/day (Sample and Suter,
1994). The average cottontail body weight is 1.2 kg (Sample and Suter, 1994), and the
home range ranges from 7.65 acres to 19.26 acres (Sample and Suter, 1994). The area of
the SWMUs ranges from approximately 2 acres (SWMU 23) to 10 acres (SWMUSs 38 and
39). An area use factor of 1, which equals the home range divided by the area of each

SWMU, was used as a conservative measure.

Data on the constituent concentrations in vegetation (Cveg) were not available.
Therefore, these values were estimated using soil to.plant uptake factors obtained from
the literature. Soil-to-plant uptake factors (PU) for organic constituents were derived
using methods presented by Travis and Arms (1988) in which uptake factors for organic
constituents in vegetation is inversely proportional to the square root of the octonal-water
partitioning coefficient (K_,,). PUs for inorganic constituents were obtained from Baes et
al. (1984). The PUs are presented in Table 5-40. PUs estimate constituent concentrations
on a dry-weight basis. Therefore, a dry-to-wet conversion must be used. Based on the
assumption that fresh foliage is 85 percent water (USEPA, 1993), the COEC in fresh

vegetation is estimated by the following equation:

Foliage;,q, = Foliage,, x (1-W)

where:
Foliage,.,, = constituent concentration in fresh foliage;
Foliage,,, = constituent concentration in dry foliage; and
W = proportion of water in foliage (0.85).

Therefore, Cveg is calculated by multiplying the COEC concentration in soil by the PU
and by 1-W.
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5.7.3 Effects Assessment

Information on the measurement endpoints and potential toxicity of COECs to
ecological receptors is presented and discussed in this section. Measurement endpoints
are used to link conditions at the base with the assessment endpoints (Section 5.7.1.3,

Assessment and Measurement Endpoints). The measurement endpoint included:

e A hazard quotient in excess of 1 for COECs for the selected terrestrial
herbivore indicator species {(cottontail rabbit), white-footed mouse, and white-

tailed deer;

Toxicity information derived from the literature was used to develop benchmark
values for the selected indicator species. By comparing constituent concentrations
measured at the site to these benchmarks, the likelihood that constituents pose a risk to
ecological receptors was determined. Calculated exposure doses and constituent
concentrations were compared to Vi)enchmarks to derive HQs used in the assessment. To
determine potential hazards to the indicator species, benchmarks related to reproductive
endpoints were used whenever possible.  Reproductive endpoints generally are
considered protective at the population level, against sublethal adverse effects associated
with chronic exposure to a particular constituent. However, based on a comprehensive
review of the scientific literature, measurement endpoints related to reproductive effects

were not available for some COECs.

Toxicity benchmarks for evaluation of effects to the indicator species were

selected from the following sources, listed in order of preference:

(1) chronic NOAELSs presented in Sample et al. (1996);
(2) chronic NOAELSs presented in the primary literature (various authors); and
(3) toxicological information presented in the primary literature (various

authors).
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The chronic NOAELSs presented are based on experimental studies on laboratory
animals. When necessary, uncertainty factors of 10 were used when extrapolating from
acute or subchronic studies to chronic effects and when extrapolating from LOAELSs to

NOAELSs (Sample et al., 1996).

The chronic NOAELSs for the test species were adjusted further using a scaling
factor to account for differences in body weights between the test species and the
indicator species. Larger animals have lower metabolic rates and therefore have lower
rates of detoxification than smaller animals (Sample et al., 1996). The following

equation from Sample et al. (1996) was used to account for body weight differences for

each COEC:

chronic NOAEL, = chronic NOAEL, x (BW/BW)"

where:
chronic NOAEL, = chronic NOAEL for indicator species;
chronic NOAEL, = chronic NOAEL for test species;
BW, = body weight of indicator species; and
BW, = body weight of test species.

The body weights of the test species and the indicator species were taken from the

available literature. Toxicological benchmarks for the rabbit are presented in Téble 5-39.

5.7.4 Risk Characterization

Risk characterization integrates the resuits of the exposure assessment and effects
assessment to estimate risk to potential ecological receptors. Information from the
biological field survey was used in conjunction with site-specific soil and sludge data to
qualitatively and quantitatively evaluate the potential risks and to provide a weight-of-

evidence approach to best estimate risks at the site. The principal lines of evidence
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concerning effects used in this assessment were biological data collected during the field
survey, which address the actual condition of the receiving environment, and calculation

of the effects of exposure on endpoint species using the quotient method.

Potential risks to ecological receptors were assessed by comparing media-specific
COEC concentrations or estimated daily doses with toxicological benchmarks. This
éomparison, called the HQ method, compares estimated expected environmental
concentrations (EEC) for a specific constituent or daily doses to benchmark values to
determine whether the EEC or receptor dose is less than or equal to an acceptable or
"safe" dose. The HQ is defined as the ratio of the EEC or the estimated daily dose of a
constituent through a particular exposure route to the benchmark for the same constituent
through that ingestion route. This process is similar to the calculation of the HQ for

human health. The comparison was made for each COEC and is expressed as:

HQ = Dose (mg/kg-day)/benchmark (mg/kg-day)

where: ‘
HQ = hazard quotient;
Dose = estimated constituent dose for a given receptor; and
benchmark = toxicological benchmark value.

Using this method, the degree to which a particular constituent concentration
exceeds a toxicological benchmark can be evaluated. Therefore, an HQ grea.ter than 1
indicates that a given exposure dose exceeds the toxicological benchmark for a parﬁcular
species. The greater the HQ, the greater the exceedence. An HQ less than 1 indicates

that, for a particular constituent-species interaction, ecological risks are unlikely to occur.

Exposures to the same constituent that may occur through multiple exposure
pathways was considered using the quotient method for soils. An HQ for a specific
chemical (HQchem) represents the sum of the individual HQs for a constituent through

more than one pathway. For example, the cumulative HQ for an individual constituent
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was determined for the white-footed mouse by summing the HQs for plant ingestion and

soil ingestion, or:

HQchem = I'*I(zplam + HQso:I

where:
HQ4 e = hazard quotient for an individual constituent;
HQ, .. = hazard quotient for the constituent through plant
ingestion; and '
HQ..: = hazard quotient for the constituent through soil

ingestion or sludge.

The quotient method can also be used to estimate impacts to receptors potentially
occurring from exposure to multiple constituents through all exposure pathways at the

site. A cumulative HI (HI_,,), representing the sum of individual HQ,,,, or individual

chem
HQs for each COEC, was calculated for the indicator species at the site. This calculation
is based on the assumption that the potential toxicity of multiple constituents is additive.
A discussion of potential risks posed to terrestrial wildlife by constituent concentrations

detected at the site 1s provided in the following paragraphs.

Potential risks to herbivorous terrestrial wildlife through exposure to soil and
sludge were assessed by comparing estimated daily doses of COECs (based on the lesser
of the 95 percent UCL and the maximum detected concentration) with toiicological
benchmark values using the white-footed mouse and the white-tailed deer as endpoint
species. The rabbit was assumed to be exposed to COECs through the ingestion of
COECs in vegetation and the incidental ingestion of COECs in soil and sludge. HQs for
the rabbit based on exposure to soil, vegetation, and sludge for each SWMU with useable
habitat (e.g., SWMU 23 and SWMUs 38 and 39) are presented in Tables 5- 41 through

5-44 and are summarized below.
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The HI for herbivorous terrestrial wildlife exposure to soil and vegetation at
SWMU 23 was 6 (Table 5-41). With the exception of arsenic, no COEC concentration
detected in soil produced an HQ greater than 1. The HI for herbivore exposure to sludge
and vegetation at SWMU 23 was 950 (Table 5-42). Constituents producing HQs greater

than 1 included benzo(a)pyrene, arsenic, barium, mercury, and selenium.

The HI for herbivorous terrestrial wildlife exposure to soil and vegetation at
SWMUs 38 and 39 was 3 (Table 5-43). Antimony and barium were the only constituents
that produced HQs greater than 1. The HI for herbivore exposure to sludge and
vegetation at SWMUs 38 and 39 was 27 (Table 5-44). Constituents producing HQs

greater than | included antimony, barium, cadmium, lead, and zinc.

Given the likelihood that the rabbit consumes food not found at the SWMUSs and,
therefore, ingests less soil and vegetation from the SWMUSs than estimated, the true dose
is likely to be much lower than that calculated. Additionally, the conservative nature of
the literature-derived toxicity values used to evaluate ecological risks likely overestimates
potential risks to receptors. For example, when the background arsenic concentration (11
mg/kg) is used in the exposure equation, an HQ (of 3) in excess of the benchmark value

of 1 still results.

Based on the conservative assumptions and toxicity data used in this assessment,
the minimal exceedence of the benchmark HI of 1 for exposure to soil, and the diverse
and healthy assemblage of vegetation and wildlife observed during the field survey,
unacceptable risks would not be expected for wildlife exposure to soil at SWMU 23 and
SWMUs 38 and 39. Although the conservative nature of the assessment likely
overestimates risks associated with wildlife exposure to sludge at SWMU 23 and 39, the
exceedences of the benchmark HI of 1 indicate that there is the potential for unacceptable

risks associated with wildlife exposure at these SWMU.
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5.7.5 Ecological Risk Assessment Uncertainties

Major sources of uncertainty in the ecological assessment are the selection of the
indicator species, the use of the site by this species, and the dose estimation. Differences
in the feeding habits, habitat, behavior, and activity patterns of animals can result in
varying exposure to COECs. The rabbit was assumed to be an appropriate indicator
species, but may not represent the most sensitive species. The selection of this spectes
was based on the biological survey conducted at the site. Estimation of the COIéC dose
involves several uncertainties including the COEC concentration estimated to be taken up
from media, the assumed diet of rabbits potentially using the site and their daily food and
soil ingestion rates, and utilization of the site. The exposure assumptions used are

conservative and would overestimate the actual risk to this species.
5.8 CONCLUSIONS

The human health risk assessment evaluated potential human health effects based
on exposure to constituents in soil and sludge at SWMU 23, SWMU 24, and SWMUs 38
and 39. The potential exposure scenarios evaluated were contact to surficial soil and
sludge by a Sloss site worker and contact to subsurface soil by a hypothetical future
construction worker. Site worker exposure was calculated for exposure to sludge for
SWMUs 23, 24, and 39, and was calculated for exposure to surficial soil for S_WMU 24.
Construction worker exposure was calculated for exposure to subsurface soil in SWMU
23 and SWMUs 38 and 39. Surficial soil and sludge data were used to evaluate current
exposure conditions for site workers, and subsurface soil data were used to evaluate
future conditions for construction workers. The results of the deterministic (point-

estimate) risk estimates are summarized below.
e The ELCR and HI for site worker exposure to sludge in SWMU 23 were

1x10° and 0.01, respectively.. The major contributor to the ELCR is

benzo(a)pyrene. The ELCR and HI for construction worker exposure to
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subsurface soil in SWMU 23 were 8 x 107 and 0.1, respectively. The ELCR
for site worker exposure is within the target range of 1 x 10° to 1 x 10%, and
the ELCR for construction worker exposure is below‘the target range. The
Hls for both site worker and construction worker exposure are below the

target of 1.

o The ELCR and HI for site worker exposure to surficial soil in SWMU 24 were
4 x 10° and 0.2, respectively. The major contributor to the ELCR is
benzo(a)pyrene. The ELCR and HI for site worker exposure to sludge in
SWMU 24 were 2 x 10° and 0.6, respectively. The major contributor to the
ELCR is beryllium. The ELCRs are within the target range of 1 x 10°to 1 x

10, and the Hls are below the target of 1.

e The ELCR and HI for site worker exposure to sludge in SWMU 39 were 2 x
10 and 0.5, respectively. The only contributor to the ELCR is beryllium.
The ELCR and HI for construction worker exposure to subsurface soil in
SWMUs 38 and 39 were 8 x 10® and 0.0003, respectively. The ELCR for site
worker exposure is within the target range of 1 x 10° to 1 x 107, and the
ELCR for a construction worker is below the target range. The HIs for both

site worker and construction worker exposures are below the target of 1.

RGOs were calculated for the exposure scenarios where the ELCR exceeded 1 x
10°. RGOs for non-carcinogenic risks were unnecessary because all of the HQs and HIs
were below 1. Following USEPA (1996a) guidelines, RGOs were presented at ELCR

target risk levels corresponding to 10, 10°, and 10°.
None of the constituent EPC concentrations exceeded the RGO at a 1 x 10™ risk

level. Only the benzo(a)pyrene EPC concentrations exceeded a 1 x 10 risk level. The

benzo(a)pyrene EPC in SWMU 24 surficial soil is 7.3 mg/kg, while the RGO is 2.4
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mg/kg. A RGO for lead of 1,400 mg/kg was calculated. The lead EPC is above the
calculated RGO for sludge in SWMU 24.

Monte Carlo Analysis (probabilistic risk estimate) was conducted for the exposure
scenarios where the total excess lifetime cancer risks from the deterministic (i.e., point
estimate) calculations exceeded the lower end (1 x 10°) of the range of acceptable risk
values (10 to 10). Only the cancer risks were included in the Monte Carlo Analysis

since the deterministic non-cancer risks were all acceptable (i.e., HI less than 1).

The results of the Monte Carlo Analysis indicated that the 95" percentile values
all lie below or slightly exceed the lower end of the range of acceptable cancer risk (10
to 10™); the median and mean values all lie below this level. Only site worker exposure
to sludge in SWMU 24 (1 x 10°) and surficial soil in SWMU 24 (2 x 10%) equaled or
exceeded the lower end of the acceptable range using the 95% percentile values.
Typically, the median value is used to represent average exposure conditions while the

95™ percentile is used to represent RME conditions.

The ecological risk assessment evaluated potential ecosystem effects based on
potential ecological receptor exposure to constituents in soil and sludge at SWMU 23 and
SWMUs 38 and 39. SWMU 24 was found to contain limited habitat to support
ecological receptors and, therefore, was not evaluated as part of the ecological
assessment. The cottontail rabbit, a herbivorous terrestrial species, was u.sed as an
indicator species to evaluate potential ecosystem effects. Exposure pathways evaluated
for the indicator species included direct exposure to constituents via soil and sludge
ingestion and indirect exposure to constituents via ingestion of vegetation at the SWMUs.

The results of the ecological risk assessment are summarized below:

* An Ecological Inventory was conducted to collect data on:

— biotic communities present on the site and surrounding areas;
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the presence of species of special concern;

evidence of biological and/or chemical stress; and

evidence of the potential for algal blooms.

¢ Based on the ecological assessment, constituent concentrations detected in the
soil at the SWMUs are unlikely to present a risk to ecological receptors.

There 1s the potential for unacceptable risks for herbivorous terrestrial species

exposed to sludge at the SWMUs.
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6.0 RECOMMENDATIONS

The following recommendations for additional investigations are based upon the
data presented in Section 4.0 and the risk assessment presented in Section 5.0 of this

report. Recommendations were developed and are discussed on a SWMU basis.
6.1 BIOLOGICAL SLUDGE DISPOSAL AREA (SWMU 23)

Due to the low levels of detected constituents and the findings of the risk

assessment, no further action is recommended for SWMU 23.

6.2 BLAST FURNACE EMISSIONS CONTROL SLUDGE WASTE PILE
(SWMU 24)

Due to the low levels of detection constituents, the findings of the risk assessment,
and the on-going mining/removal activities, no further action is recommended for

SWMU 24,

6.3 LANDFILL AND BLAST FURNACE EMISSION CONTROL SLUDGE
WASTE PILE LANDFILL (SWMUS 38 AND 39)

Due to the low levels of detected constituents, the findings of the risk assessment,
and the proposed mining/removal activities for SWMU 39, no further ‘action is

recommended for either SWMU 38 or 39.
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